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ARE YOU BLINDFOLDED? 


It is no longer necessary to depend 


upon guesswork in your well 


It is today simple and inexpensive to 
secure for the geologist and engineer, uncontaminated 
cores which are actual sections of the complete for- 
mation being penetrated. 

Any competent driller can secure good, 
informative cores every time with the Baker Cable 
Tool Core Barrel. The technique is easy—the rules 
are few—the results are certain. 

And the cost of this coring is truly 
nominal when you consider the practical value of the 
reliable information a Baker Core gives you. 

With the Baker Cable Tool Core Bar- 
rel drilling is not slowed up and recovery of 85%. is 
the average from all formations. 


By drilling with a short stroke, slower A Baker Core will enable 

motion, and a slack line, the inner tube is kept on you to determine whether 

bottom. The Drilling Barrel then cuts the core and — are oil-bearing, water- 

the inner or Core Taking Barrel trims this core as it nage tig - am dow 
a d d. By resting constantly on the for- 
4 moves Cownwar 7. 8 y ing—where to make a water ; 
7 mation, no soft material can escape the core barrel, shut-off; will in fact give you : 
and recoveries up to 100% are not uncommon. all the information needed i 
for the well being cored and 1 
for future drilling. A 
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Photomicrograph of a cotton fibre. Courtesy 
i. Brown Paper Co., ms, Mass. 


RAG FIBRES FOR STRENGTH 


HB28 RECORDINGS 


In laboratory or field, where hard usage puts record paper to 
severest tests, Haloid Record Grade HB 28 proves its superiority. 
Long days of rough handling leave it firm and clear with curl 
and emulsion breaks reduced to a minimum. It is sensitized on 
a base stock of L. L. Brown Linen Ledger paper (100% white 
tag). Haloid Record Grade HB 28 recordings cost slightly 
more—worth it when assurance of durability is required. 


DEEP BLACKS, PURE WHITES 
WITH HALOID RECORD PAPER 


For a recording paper with the same photographic qualities of 
sharp contrast and clearness there is Haloid Record Grade B— 
same emulsion on a regular grade of base stock. It costs less 
than Haloid Grade HB 28, and less than other recording papers 
on a similar stock. 


Prove it at our expense. Send for FREE sample roll of either 
Haloid Record Grade B (regular stock) or Haloid Record 
Grade HB 28 (L. L. Brown Linen Ledger stock), with price 
list and discounts. 


THE HALOID COMPANY, ROCHESTER, N. Y. 
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Here are the Quick Sure Methods of Deter- 


mining the Straightness or Direction of Holes 


Tightening up on SYFO case _ 
hole. 


paratory to lowering into 


SYFO Clinograph 


Daily use of the SYFO Clinograph permits accurate control 
of inclination in drilling operations. These tests are accurately 
and easily made without the use of dangerous acids. The 
SYFO can be used on a wire line or as a ‘‘“Go-Devil’”’ running 
inside the drill stem or on sand or bailing line in open hole. 
It affords a quick, inexpensive daily record on paper of ver- 
tical deviation in drilling—records for permanent filing. 


(U, S. Patent 1,962,634—2,013,875 and others pending) 


SURWEL Clinograph 


The most accurate and practical method ever devised for measur- 
ing the degree and direction of deviation. The SURWEL is a 
gyroscopic Clinograph which provides a true map of the well at 
all depths, prepared from actual photographic records. Not af- 
fected by Tortuosity nor by Magnetic Influence when recording. 
Self-checking—produces duplicate records, i.e., going in and 


coming out. 


(U. S. Patents 1,124,068—1,812,994—1,959,141—1,960,038—2,012,455— 


2,012,456 and others pending) 


Anchoring bottom plug nose to 


instrument. 


H-K Clinograph 
(HEWITT) (KUSTER) 

Introduces a radical improvement and 
exclusive method of recording in single 
readings both the amount and the direc- 
tion of inclination, utilizing the triangu- 
lar suspended cross hair plumb bob and 
floating compass principles with auto- 
matically operated photograph camera. 
The H-K Clinograph (designed for open 
holes only) is lowered on a sand or bail- 
ing line at a speed ranging from 400 to 
800 feet per minute. Permanent, accurate 
records on paper discs are available with- 
in five minutes after removing instrument 
from hole. 


(U. S. Patent 1,812,994 and others pending) 


Reading the poh story just 
run. 


told by a SU 


SPERRY-SUN WELL SURVEYING COMPANY 


Tulsa, Oklahoma 
425 Petroleum Building 


1608 Walnut Street, Philadelphia, Pa. 
Houston, Texas 
3118 Blodgett Avenue 


Long Beach, Calif. 
549 E. Bixby Rd. 


(3800 Block—Atlantic Ave.) 
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» deseo PRECISION IN THE FACTORY | 
PRODUCES TRADITIONAL SPENCER QUALITY ——— 

THE PERFECTION OF 


| SPENCER OPTICS 
| is NOW 


_ optical quality of a complete objective sys- 
tem is dependent not only upon the quality of 
design but also on the quality of the workmanship 
by which the lenses are fashioned. The additive 
effect of small localized errors of each individual 
lens surface is detrimental to the lens unless these 
localized errors are held to the order of magni- 
tude of a twentieth wave length. Only when this 
accuracy is strictly maintained can the best per- 
formance of the whole objective combination of 
lenses be assured. 


After intense research and study of results, the 
Spencer Lens Company has devised methods of 
attaining this order of accuracy in the production 
of Spencer objectives. Such accuracy can be con- 
sistently attained, we find, only by the close coor- 
dination of the laboratory and the factory routine. 


Thus, by the application of laboratory methods 
as routine procedure in the factory the owner of 
a Spencer microscope objective is assured of the 
best possible performance. 


Be sure the optics in your microscope are the fin- 
est obtainable ... purchase a Spencer. 


Spencer Lens Company 
Buffalo & New York 
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Geophysics helps to limit drilling failures by the 
selection of the most promising areas for oil and 
gas accumulation. Many large operating com- 
panies use more than one method of subsurface 
prospecting as an pted procedure. ba 
don't you follow this proven, pted 

in your geophysical work? Askania equguest will 
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help you to reduce guess work and possible er- 
rors. 

We will gladly confer with you regarding your 
requirements in geophysical instruments. Ask us 
for cost data and other information regarding 
your particular problems. A letter or a ‘phone call 
will be handled promptly. 


AMERICAN \N ASKANIA 


CORPORATION 
825-827 M & M BLDG., HOUSTON, TEXAS 
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The acknowledged soundness of 
Dowell Acidizing —with Inhibited acid 
— is largely responsible for the respect 


it has gained among geologists. 


DOWELL INCORPORATED 


Subsidiary of THE DOW CHEMICAL COMPANY 


Executive Office: Midland, Michigan 
General Office: Kennedy Bldg., Tulsa, Okla. 


DISTRICT OFFICES 
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MIOCENE STRATIGRAPHY AND PALEONTOLOGY 
OF PALOS VERDES HILLS, CALIFORNIA! 


W. P. WOODRING,? M. N. BRAMLETTE,? ann R. M. KLEINPELL! 
Washington, D. C., and Bakersfield, California 


ABSTRACT 


The Miocene of the Palos Verdes Hills embraces a thickness of about 2,500 feet 
of rocks here designated as Monterey shale, and the base is not exposed in the region 
where the oldest beds crop out. Five main lithologic units are recognized, consisting, 
in ascending order, principally of silty shale, porcelaneous and cherty shale, phosphatic 
shale, diatomite, and radiolarian mudstone. Three local members are named and 
mapped, the lowest one of which includes three of the main lithologic units and also 
two named tuff beds. Foraminifera are found in all the main units and are assigned to 
nine faunal zones indicating a time range extending from early Middle Miocene to the 
top of the Upper Miocene, as these terms are generally used in Coast Range chro- 
nology. These beds overlap northward onto a schist basement of Franciscan (?) rocks, 
and this northward overlap apparently continues to the Torrance and Playa del Rey 
oil fields in the southern part of the adjoining Los Angeles Basin. Mollusks from de- 
trital rocks at the base of the overlapping beds on the north slope of the hills represent 
a fauna that in many respects is a new one for the Coast Ranges, as it includes a num- 
ber of tropical genera not heretofore recorded there. 


INTRODUCTION 

The Palos Verdes Hills lie along part of the southwest side of the 
Los Angeles Plain, in Southern California. The United States Division 
of Geographic Names has adopted the name Palos Verdes Hills for 
this isolated upland peninsula,’ which is also known as the San Pedro 
Hills. This decision conforms to local usage and commemorates the 
name of the Spanish land grant and ranch that embraced the hills. 

1 Read before the Pacific Section of the Association at Los Angeles, November 7, 


1935. Manuscript received, December 7, 1935. Published with the permission of the 
director of the United States Geological Survey. 


2 United States Geological Survey, Washington, D. C. 
3 Box 62, Bakersfield, California. 
4U.S. Advisory Comm. on Geographic Names, Decision No. 1 (in press). 
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The name San Pedro Hill is reserved for the highest hill, which lies 
west of San Pedro and reaches an altitude of 1,480 feet above sea level. 

An investigation of the geology of the Palos Verdes Hills was 
begun many years ago by W. S. W. Kew under the auspices of the 
United States Geological Survey. This work has been continued by 
Woodring, with the assistance of Bramlette during the period when 
the Miocene rocks were mapped. In many respects this region is an 
unsatisfactory one for carrying on mapping. Exposures generally are 
quite inadequate; hundreds of feet of rocks lack distinctive lithologic 
characters, and apparently change in facies; and minor structural 
complications prevent determinations of stratigraphic position on a 
basis of regional structure. Nevertheless, the data that were gathered 
on the Miocene stratigraphy and paleontology are here presented in 
brief form so as to put on record information that may be useful in 
deep drilling in the oil fields of the adjoining Los Angeles Basin. 

Kleinpell determined the Foraminifera and prepared the discus- 
sions concerning them. Nine faunal zones are recognized; but inas- 
much as the collections represent scattered localities in discontinuous 
sections, the zones are based on known relations in more complete 
sections elsewhere. To facilitate discussion, letters are assigned to the 
zones—a temporary expedient to avoid unpublished or inadequately 
defined names. Formal names and descriptions of the zones and also 
descriptions of most of the new species of Foraminifera, which appear 
as indefinitely identified species in the lists that follow, are included 
in a report by Kleinpell awaiting publication. The “groups,” to which 
numbers are assigned, are based primarily on assignment to the litho- 
logic units that are recognized. The relation between lithologic sub- 
divisions and faunal zones is diagrammatically shown in the following 
table. As already stated, the collections are from discontinuous sec- 
tions; and, therefore, it is not to be assumed that the lithologic and 
faunal units agree as perfectly as shown in the table. 

The mollusks were examined by Woodring. Extensive collections 
of siliceous microfossils have not yet been examined; and the few 
vertebrate fossils are not discussed in this account. 

The nomenclature of the silica-cemented, fine-grained rocks char- 
acteristic of the Monterey, generally called siliceous shale or cherty 
shale, is in a state of confusion. This matter is being considered by 
Bramlette in a report on the Monterey now in preparation. Only two 
lithologic terms are used here that need definition: (1) porcelaneous 
shale is used for hard, minutely porous, non-lustrous, thinly lami- 
nated, silica-cemented shale; (2) cherty shale is used for hard, dense, 
vitreous, platy, silica-cemented shale. 
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LITHOLOGIC AND FAUNAL SUBDIVISIONS IN MIOCENE 
OF PALOs VERDES HILLS 


; ; oni ef Faunal Other Localities Where Faunal Zone 
Is Represented 
Lithologic unit 18, upper member of 
detone Group 5| Zone I Modelo formation, Santa Monica 


Mountains. 


Lithologic units 9 (upper part) to 16 
Zone H (inclusive), Modelo formation, Santa 
Monica Mountains. 


Valmonte diatomite | Group 4 

member Lithologic units 7 to lower part of 9 (in- 
Zone G clusive), lower member of Modelo 
formation, Santa Monica Mountains. 


Lithologic unit 6, lower member, Mo- 
Upper part Zone F delo formation, Santa Monica Moun- 
tains. 


Monterey shale 


Group 3 


Base of Modelo formation, Santa Mon- 
Zone E ica Mountains. 


shale »| Galliher’s lithologic unit 5 of Monterey 
member Middle part Zone D shale in type region. 


Group 2 “Valvulineria flood zone,”’ Chico Mar- 
Zone C° tinez Creek. 


Zone B | Claremont shale, Contra Costa Co. 


Lower part | Group r| Zone A Gould member of Monterey shale, west 


side San Joaquin Valley. 


* Stratigraphic position with reference to each other and to zone B based on relations in other areas. 


MONTEREY SHALE 


It has long been known that the Palos Verdes Hills are made up 
principally of Miocene shale;> in fact, the entire peninsula, with the 
exception of small areas of basement rocks and Miocene basalt, and 
a fringe of younger deposits on the landward side, is underlain by 
Miocene sediments, among which fine-grained rocks greatly predomi- 
nate (Fig. 1). Hard porcelaneous and cherty shale, and soft shale 
carrying microscopic siliceous fossils are conspicuous constituents of 
these Miocene rocks. The widespread distribution of Miocene rocks 
of these unusual types in the Coast Ranges merits a more uniform 

5 J. B. Trask, “Report on the Geology of the Coast Mountains,” Calif. Senate, 
Session 1855, Doc. 14 (1855), pp. 24-26. 

W. P. Blake, “Geological Report,” U. S. Pacific R. R. Expl., Vol. 5 (1857), pp. 
” Re. Lawson, “The Post-Pliocene Diastrophism of the Coast of Southern Cali- 
fornia,’’ Calif. Univ. Dept. Geol. Bull., Vol. 1 (1893), p. 124. 


W. L. Watts, “Oil and Gas Yielding Formations of California,’ Calif. State Min. 
Bur. Bull. 19 (1901), pp. 53-56, Fig. E (map), 2 unnumbered pls. 
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Fic. 2.—Sections of Monterey shale in Palos Verdes Hills. Light solid lines represent beds of 
tuff and altered tuff. 
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stratigraphic nomenclature than has come into usage. Monterey shale 
is the earliest name for such Coast Range Miocene rocks and this 
name is here used for the Miocene shale in the Palos Verdes Hills, 
with the understanding that it is a lithologic designation that has no 
definite chronologic implication other than Miocene. This usage of 
Monterey as a formation name does not conform to previous usage 
of the Geological Survey, which from 1913 to the present time has 
assigned group rank to the name to include the Vaqueros sandstone. 
This matter is considered in a report on the geology of the Kettleman 
Hills, now in preparation, and on the basis of the arguments presented 
there, which are too lengthy to be considered here, Monterey is here 
treated as a formation divided in this region into three named and 
mapped members. The stratigraphic nomenclature used in a recent 
brief account of the geology of the Palos Verdes Hills® is to be disre- 
garded, as the nomenclature was not seriously considered at that time. 

The Monterey shale has an estimated thickness of about 2,500 
feet in the Palos Verdes Hills, and the base is not exposed in the region 
where the oldest rocks crop out (Fig. 2). The formation consists of 
five main lithologic units, consisting, in ascending order, principally 
of silty shale, porcelaneous and cherty shale, phosphatic shale, di- 
atomite, and radiolarian mudstone. Other kinds of rock are found in 
each unit; those mentioned are the prevailing ones. Perhaps each of 
these divisions deserves member rank, but in view of the absence of 
adequate exposures the three lower ones are grouped as the Altamira 
shale member. The diatomite constitutes the Valmonte diatomite 
member; and the radiolarian mudstone is called the Malaga mudstone 
member. The distribution of these three members is shown in Figure r. 

ALTAMIRA SHALE MEMBER 

The Altamira shale member embraces the greater part of the Mon- 
terey shale in the Palos Verdes Hills. In the type region, on the south 
slope of the hills along and adjoining Altamira Canyon, the Altamira 
shale has a thickness of 1,045 feet, and the base is not exposed. On 
the north slope of the hills the thickness decreases to about 600 feet, 
due to overlap onto basement rocks. 

Lower part.—The lower part of the Altamira shale is made up 
principally of silty shale. Bentonitic tuff, porcelaneous shale, lime- 
stone, sandstone, and breccia are minor constituents. Porcelaneous 
shale is more abundant in the lower half, and is not so conspicuous 
as in the next higher division. At the top of the lower part is a thick 
bentonitic tuff, here designated the Portuguese tuff bed, which is named 


* W. P. Woodring, “San Pedro Hills,”” XVI Int. Geol. Cong. Guidebook 15, Southern 
California (1932), pp. 34-40, Figs. 4-6. 
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from Portuguese Bend on the south coast. The type region is along 
Portuguese Canyon, where the tuff has a thickness of 55 feet. The 
Portuguese tuff was recognized at many localities adjoining the great 
landslide northwest of Portuguese Bend, but is continuously exposed 
only for short distances—too short to be shown on a map of the scale 
of Figure 1. This tuff appears to have acted as a lubricant for the 
mass of rocks that glided down dip into a structural basin and piled 
up on the lowest terraces, forming an area of confused hills and swales. 

Along Portuguese Canyon and the next canyon to the east, the 
lower part of the Altamira shale, extending from the top of the basalt 
on the crest of an anticline to the top of the Portuguese tuff, has a 
thickness of 280 feet. The silty shale and fine-grained, thin-bedded 
sandstone underlying the elliptical band of basalt on the anticline 
southwest of the fault in the southern Miraleste district probably 
represents the lower part of the Altamira shale. A 30-foot bentonitic 
tuff in this region is doubtfully referred to the Portuguese tuff. The 
breccia and overlying sandstone cropping out on the crest of the anti- 
cline at Bluff Cove on the west coast are placed in the lower part of 
the Altamira. The breccia consists of a rude, unsorted mass of schist 
slabs in a muddy matrix and resembles the San Onofre breccia.’ Con- 
glomerate and sandstone overlying the breccia, possibly in fault con- 
tact, on the north limb of the anticline, grade rapidly northward into 
silty sandstone and sandy siltstone. The Portuguese tuff was not 
recognized in this region. 

Foraminifera were found in the lower part of the Altamira shale 
on Portuguese Canyon (locality 1 of Fig. 1) at a horizon g5 feet below 
the base of the Portuguese tuff. Locality 2 represents the beds in the 
Miraleste district that probably are to be assigned to the lower part. 
The material from Bluff Cove, collected by Hampton Smith, is 
made available through the kindness of D. D. Hughes. The spe- 
cies found at these localities are shown in the following table. 


The fauna from the lower part of the Altamira shale is closely related to 
that from the Gould member of the Monterey shale, which immediately over- 
lies the uppermost sandstone (‘‘button bed”) of the Temblor formation in 
the type region on the west side of the San Joaquin Valley.* Valvulineria 
ornata and Bolivina imbricata are not known from older horizons. The two 
varieties of V alvulineria californica and also Hemicristellaria beali range down- 
ward into a zone underlying the one represented by the Gould shale (zone 
A of this discussion), but are not known from older horizons. All the Foramini- 


7 A. O. Woodford, ‘‘The San Onofre Breccia,’’ University of California Bull. Dept. 
Geol. Sci., Vol. 15, No. 7 (1925), pp. 182-205. 


8 W. F. Barbat, ‘‘Age of Producing Horizon at Kettleman Hills, California,’ Bull. 
Amer. Assoc. Petrol. Geol., Vol. 16, No. 6 (June, 1932), pp. 611-12. 
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FORAMINIFERA FROM LOWER PART OF ALTAMIRA SHALE MEMBER. (GROUP 1) 


Localities 
Species Zone A 
I 2 Bluff Cove* 

Hemicristellaria beali (Cushman)?............ Rt 
Nonionella miocenica Cushman?.............. R 
Buliminella curta Cushman................... 
Virgulina californiensis californiensis Cushman? . R 

ivina advena striatella Cushman?........... 
Bolivina imbricata Cushman................. F 


Valvulineria californica appressa Cushman. . . 
Valvulineria californica obesa Cushman....... 
Valvulineria miocenica depressa Cushman. ... . 
Valvulineria ornata Cushman............... 
Pulvinulinella subperuviana Cushman........ 
Globigerina bulloides d’Orbigny.............. 


RRQ 


* Sandy siltstone on north limb of anticline at Bluff Cove. Hampton Smith, collector. 
a AR. letters in lists of fossils denote relative abundance, as follows: R, rare; F, few; C, common; 
, abundant. 


fera found in the lower part of the Altamira shale range upward into the next 
overlying zone (zone B), and all except Valvulincria miocenica depressa range 
still higher in the column. Therefore, these assemblages may represent zone 
B rather than the horizon of the Gould shale. The abundance of Valvulineria 
californica appressa and also of typical Valvulineria miocenica depressa 
strongly suggests, however, a correlation with the Gould shale, as neither 
form is well developed at horizons stratigraphically higher. 

The assemblages from the lower part of the Altamira shale are of shallow 
to medium-depth type, suggesting deposition in the neritic zone. 


Midde part.—The middle part of the Altamira shale is character- 
ized by porcelaneous and cherty shale. It underlies a larger area than 
any other division of the Monterey. The units of porcelaneous and 
cherty shale gradually become thicker and more numerous upward 
in this division, and then toward the top become thinner and less 
numerous. Relatively soft porcelaneous shale, silty shale—much of 
which is dolomitic—bentonitic tuff, and lenses of limestone, possibly 
dolomitic, of irregular thickness and extent are interbedded with the 
hard porcelaneous and cherty shale. On Altamira Canyon this part of 
the Altamira shale has a thickness of 675 feet. On the north slope of 
the hills it overlaps onto the basement metamorphic rocks of doubtful 
Franciscan (Jurassic?) age, and has a thickness of about 400 feet. 
In this region conglomerate and sandstone ranging in thickness from 
a few inches to 100 feet rest on the schist. Elsewhere in this part of 
the hills, where the schist is not exposed, beds of sandstone and con- 
glomerate lie in the lower part of the middle division. These coarse 
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detrital beds, carrying schist débris, probably are close to the schist 
surface, which may have considerable relief. 

A distinctive tuff readily recognized by the abundance of pumice 
lapillae was mapped along most of the north slope at a horizon 125 
to 175 feet below the top of the middle division. This tuff is here desig- 
nated the Miraleste tuff bed—a name derived from the Miraleste dis- 
trict. The type region is on the west side of upper Agua Negra Cannyo. 
The pumice lapillae have a maximum length of about an inch; they 
are dark-colored and lie in a matrix of light-colored volcanic ash. The 
dark-colored pumice is more basic (index about 1.54) than the matrix 
(index about 1.50). The thickness of the Miraleste tuff generally is 
2 to 6 feet, but at places is only a few inches. At several localities dike- 
like masses lead off from the tuff and penetrate overlying and under- 
lying beds. In the isolated exposures northwest of Peck Park and on 
the west side of George F Canyon there appear to be two beds of 
tuff; they may be connected by “‘dikes,” though none was observed. 
The Miraleste tuff was traced southward across the crest of the cen- 
tral part of the hills, but toward the west on the south slope it becomes 
bentonitic, the pumice being the last constituent to be altered. Farther 
west it could not be distinguished among a number of thin bentonitic 
tuffs. Its position in the Altamira Canyon section (left-hand column 
of Fig. 2) is based on the tracing of limestone reefs in the intervening 
area; the probable margin of error is considered of the magnitude of 
10-20 feet. On the north slope of the hills the Miraleste tuff is in the 
middle of a persistent unit of diatomite that has a thickness of 50 feet. 
At some localities thin layers of diatomite are in the tuff, and in the 
type region the tuff carries slabs of diatomite lying in various atti- 
tudes. This diatomite disappears just north of the crest of the central 
part of the hills. In the region where the tuff becomes bentonitic and 
farther west, porcelaneous and cherty shale lies at this horizon. 

A partly silicified 60-foot bentonitic tuff at La Venta Inn, in the 
southern Malaga Cove district on the west coast, and a 40-foot ben- 
tonitic tuff at the head of the second cove southeast of Lunada Bay 
on the west coast are somewhere in this division. In the entire western 
part of the hills, where cherty shale is more abundant than elsewhere, 
the stratigraphic sequence in the middle division was not worked out, 
due to structural complications and to the failure to recognize well- 
defined persistent lithologic units. The thick tuff at La Venta Inn 
and the one near Lunada Bay may possibly be the same bed, and 
they may correspond to a thinner bentonitic tuff observed at several 
localities on the north slope at a horizon 50 feet below the Miraleste 
tuff, but these relations are very uncertain. On the west coast a quar- 
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ter of a mile southeast of the beach club at Malaga Cove the rocks 
appear to have been deformed by moving down dip on a bentonitic 
tuff in the upper part of the middle division and piling up in a closely 
compressed anticline, both limbs of which are slightly overturned. 
The landslide northwest of Whites Point also may be due to gliding 
on a tuff in this part of the section; and the intense deformation near 
Whites Point, including an anticline with recumbent limbs, probably 
is due to movement on a bentonitic tuff near the top of the middle 
division. 

A zone of ellipsoidal opal concretions, like those occurring in the 
Monterey of central California,® was found at several localities in the 
western part of the hills. Along the new road on the crest of the hills 
this zone is 110 feet above the Miraleste tuff; on Altamira Canyon 
it is the same distance above a bentonitic tuff considered the altered 
equivalent of the Miraleste; and on the west coast it is about 55 feet 
above the tuff already described occurring near the Malaga Cove 
beach club. Should this zone of abundant opal concretions prove to 
be confined to one horizon, it may be useful in attempting to decipher 
the stratigraphy and structure in the western part, where concretions 
were found at a number of localities that lack stratigraphic control. 

The basalt is not known to penetrate rocks higher than the middle 
part of the Altamira shale. For the most part the basalt occurs as 
sills and irregular masses more or less concordant to the bedding. Here 
and there apophyses abruptly penetrate the enclosing sediments. 
Some of the basalt, as that along the schist contact, may be in the 
form of flows. In the reefs northwest of Whites Point rounded masses 
of basalt embedded in a limy matrix carrying fragments of fossil 
shells appear to represent a submarine flow. 

Foraminifera were found in the middle division of the Altamira 
shale at localities in the following list. The species from beds regarded 
as lying in the uppermost part of the middle division are listed on 
page 141, as they are more closely related to those from the upper 
division of the Altamira. 


The Foraminifera of group 2 may be referred to the so-called Valvulineria 
californica zone in its restricted sense. Such forms as Valvulineria c. cali- 
fornica, V. m. miocenica and Siphogenerina reedi are restricted to this unit. 
Localities 3 and 4 yielded meagre assemblages of poorly preserved forms. 
A peculiar faunal facies, in which all species are represented only by very 
small, possibly immature, specimens, is represented at localities 6 and 8. 
Three of these four localities (3, 6, 8) are referable to zone B or zone A, or 
possibly to even somewhat older zones; locality 4 may be referred to either 


9 N. L. Taliaferro, “Contraction Phenomena in Cherts,” Bull. Geol. Soc. America, 
Vol. 45, No. 2 (1934), pp. 194-207, Pls. 13-24. 
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FORAMINIFERA FROM MIDDLE Part OF ALTAMIRA SHALE MEMBER. (GROUP 2) 


Localities 
Species Zone B Zone C |\ZoneD 


Hemicristellaria beali (Cushman)?.............. R 
Dentalina obliqua R R| F 


Nonion costiferum (Cushman)?................ R 
Nodogenerina advena Cushman and Laiming?.... . R 
Buliminella brevior R 
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V irgulina californiensis californiensis Cushman... .| ? F 
Bolivina advena advena Cushman............... ? 
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Bolivina californica Cushman.................. 
Bolivina cf. B. conica Cushman................ 
Bolivina floridana Cushman.................. F\R 
Bolivina imbricata Cushman?.................. 
Uvigerinella californica californica Cushman...... 
Uvigerinella californica ornata Cushman......... 
Uvigerinella cf. U. californica Cushman......... 
Siphogenerina cf. S. branneri (Bagg)?...... .... R 
Siphogenerina collomi Cushman.............. 
Siphogenerina aff. S. collomi Cushman...... .... 
Siphogenerina reedi Cushman................. 
Valvulineria californica californica Cushman... . . 
Valvulineria californica appressa Cushman....... 
V alvulineria californica obesa Cushman........ 
Valvulineria miocenica Cushman?............... R 
Valvulineria miocenica depressa Cushman...... ? C| |A 
Valvulineria ornata Cushman.................. 
Baggina californica Cushman.................. 
Cassidulina aff. C. crassa d’Orbigny............ 
Cassidulina cf. C. subglobosa H. B. Brady....... 
Pullenia aff. P. sphaeroides d’Orbigny......... 2 
Pullenia aff. P. sphaeroides d’Orbigny var... ..... 
Globigerina bulloides d’Orbigny................ R F 
Planulina cf. P. ariminensis d’Orbigny......... 
Planulina depressa d’Orbigny........... ... 


Ow 

AN 


x 


x 
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zone B or zone A, but hardly to any lower horizon; all four localities have been 
grouped with other zone B localities on the basis of their field relations. As- 
semblages from localities 5, 7, and 9 are typical of zone B, and may be cor- 
related with the fauna described from Santa Clara County by Chapman,'? 
and with the fauna of the Claremont shale of Contra Costa County. Locality 
5 is the only place where well preserved Foraminifera were found near the 
outcrop of the Miraleste tuff. Locality 12 represents a distinct zone (zone D) 


1 Frederick Chapman, “Foraminifera from the Tertiary of California,” Proc. 
Calif. Acad. Sci., 3rd ser. (Geology), Vol. 1, No. 8 (1900), pp. 241-60, Pls. 29, 30. 
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and may be correlated with the frequently cited locality in the lower part of 
the Monterey shale in the type region near Monterey, on the 17-mile drive 
three-quarters of a mile toward Pebble Beach from the tollhouse (Leland 
Stanford Junior University locality number 333). The assemblages from local- 
ities ro and 11 are most closely related to the faunule from locality 12 and 
represent a distinct zone stratigraphically intermediate between zones B 
and D—a zone that is particularly well developed on Chico Martinez Creek 
on the west side of the San Joaquin Valley, where it is known locally as the 
“Valvulineria flood zone.” In the Palos Verdes Hills the field relations of 
the localities referred to zones C and D are not known with reference to 
each other and to those of zone B. 

The assemblages of group 2 constitute an essentially medium-depth 
fauna, and with one or two exceptions, indicate a site of deposition near the 
100-fathom line. The faunule from locality 5 suggests a habitat of somewhat 
greater depth, perhaps between 300 and 500 fathoms. The peculiar faunal 
facies encountered at localities 6 and 8 is comparable to the foraminifer 
faunas that inhabit sea-weed forests of the modern oceans and may indicate 
a similar habitat. 


The following mollusks were collected at locality 13 in George F 
Canyon from concretionary limy sandstone about 40 feet above the 
top of the schist and 225 feet below the Miraleste tuff. Most of this 
material is in the form of molds and impressions, but some of the 
molds are sharply defined and yield satisfactory squeezes. 


MOLLUusKs FROM MIDDLE Part oF ALTAMIRA SHALE MEMBER. (LOCALITY 13) 
Acmae. cf. A. scabra (Gould) R 
Diodora aff. D. aspera (“‘Eschscholtz” Rathke) F 
Calliostoma cf. C. supragranosum Carpenter R 
Homalopoma? sp. R 
Neverita cf. N. reclusiana (Deshayes) (small specimens) A 
Crucibulum sp. R 
Crucibulum? cf. C. imbricatum (Sowerby) F 
Crepidula praerupta Conrad? F 
Hipponix cf. H. “barbatus Sowerby” R 
Lacuna? sp. (or Tricolia? sp.) A 
Turritella ocoyana Conrad (small specimens) C 
Strombus cf. S. gatunensis Toula F 
“Murithais’”’ wilkesanus (Anderson)? F 
Tritonalia? sp. R 
Purpura? cf. P. foliata Martyn R 
Mitrella cf. M. tuberosa (Carpenter) C 
Anachis (Costoanachis) sp. C 
“‘Nassa’”’ aff. ‘“‘N.”’ arnoldi Anderson C 
“Nassa’’ aff. ‘‘N.” cooperi Forbes F 
Tritiaria (Antillophos) dumblei (Anderson) R 
Olivella pedroana (Conrad)? C 
Cancellaria cf. C. condoni Anderson R 
Conus owenianus Anderson A 
Conus cf. C. fergusoni Sowerby (small specimen) R 
Knefastia cf. K. funiculata (Valenciennes) R 
Crassis pira cf. species from Gulf of California R 
Agladrillia? sp. R 
“Clavatula’”’ cf. labiata Gabb F 
Tereba (Strioterbrum) cf. T. wolfgangi Toula F 
Bulla cantuaensis Anderson? A 
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Scaphander? sp. R 

Dentalium sp. C 

Mytilus? sp. R 

Aequipecten cf. A. sancti-ludovici (Anderson and Martin) R 
Lima cf. L. dehiscens Conrad R 

Gouldia? sp. R 

Divaricella cf. D. eburnea (Reeve) A 

Miltha sanctaecrucis (Arnold) A 

Trachycardium aff. T. quadragenarium (Conrad) C 
Trachycardium aff. T. consors (Sowerby) A 
Trigoniocardia cf. T. haitensis (Sowerby) A 
Chione cf. C. succincta (Valenciennes) C 

Chione (Lirophora) aff. C. latilaminosa Anderson and Martin C 
Callithaca? cf. C. staminea (Conrad) R 

Dosinia aff. D. ponderosa (Gray) A 

Amiantis? sp. R 

Macrocallista cf. M. maculata (Linné) A 
Transennella cf. T. tantilla (Gould) R 

Tellina cf. T. nevadensis Anderson and Martin F 
Tellina cf. T. idae Dall R 

Tellina cf. T. reclusa Dall F 

Panope cf. P. estrellana (Conrad) C 


In many respects this fauna is a new one for the Coast Ranges. Strombus, 
Costoanachis, Knefastia, “Clavatula,” Divaricella, Trigoniocardia, and the 
doubtfully identified Gouldia, have not been recorded from the Miocene of 
the Coast Ranges; and Tritiaria and Lirophora have not been reported from 
the Miocene of the Coast Ranges of Southern California. These fossils are 
of particular interest, inasmuch as their stratigraphic position with reference 
to the succession of foraminifer zones indicates a horizon at which no fauna 
of comparable size has heretofore been discovered. They were found at the 
base of the overlapping middle part of the Altamira shale. Though Foramini- 
fera were not discovered in the same region, the sandstone carrying these 
fossils probably is at the base of zone B; that is, at the base of the so-called 
Valvulineria californica zone in the restricted sense. According to present in- 
terpretations based on Foraminifera, the fauna in the Palos Verdes Hills is 
younger than the Barker’s Ranch fauna in the Bakersfield region, which has 
a comparable proportion of small species, and also probably is younger than 
the fauna of the Topanga formation of the Santa Monica Mountains, which 
has a preponderance of large species. The fossils from both these localities 
are generally referred to the Temblor fauna. The presence of Twrritella 
vcoyana, Conus owenianus, and other species in the Palos Verdes Hills would 
mean an assignment to the Temblor fauna, according to the former loose 
usage of that term. The new fauna is different from those just mentioned, 
and also differs from the fauna of the Oursan and Hambre sandstones in 
the Monterey of the San Francisco Bay region, which—also according to 
present interpretations based on Foraminifera—represent younger horizons. 
Additional finds of the Palos Verdes Hills fauna at other localities are needed 
before its chronological significance can be appraised. The species from the 
Palos Verdes Hills that have not heretofore been found in Coast Range 
Miocene deposits are of tropical aspect, and many are allied to those now liv- 
ing in the Gulf of California and Mazatlanic region. Most of the genera con- 
stituting new records are found in the Imperial formation of the Colorado 
Desert, which is assigned to the Miocene by some workers and to the Pliocene 
by others. Some of the species (those representing Strombus, ‘‘Clavatula,” 
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Strioterebrum, Trigoniocardia, and Macrocallista), also like species in the Im- 
perial formation, appear to be more closely allied to Central American and 
West Indian Miocene fossils than to known fossil or living species in the 
eastern Pacific. This similarity may mean nothing more than derivation from 
the same source. 


This fauna indicates deposition in shallow water close to the littoral zone. 


U pper part.—Phosphatic and bituminous shale predominate in the 
upper part of the Altamira shale. Porcelaneous and cherty shale, ben- 
tonitic tuff, and limestone in the form of lenses are ordinary minor 
constituents. Thin laminae of diatomaceous silt and diatomite are in- 
terbedded with the phosphatic and bituminous shale, generally to- 
ward the top. In the cliffs at the head of Altamira Canyon this division 
has a thickness of 95 feet. At Lunada Bay the thickness seems to be 
considerably greater, and the average thickness probably is 150 feet. 

The base of the upper part of the Altamira shale is poorly defined. 
Phosphatic shale appears in thin beds in the upper part of the middle 
division. Upward in the section they increase in thickness and abun- 
dance. The silica-cemented shale in this part of the section generally 
is of the relatively soft type. It decreases in thickness and frequency 
upward. In the western part of the hills cherty shale extends higher 
in the section than elsewhere, but even here phosphatic shale in units 
having a thickness of 10 to 35 feet is the prevailing rock near the top 
of the Altamira. 

The phosphatic material is soft, and is in the form of thin light 
brown layers and nodules in dark-colored richly organic tough shale 
(bituminous shale), or in light-colored shale that appears to be leached 
organic shale. The bituminous and phosphatic shale are well exposed 
in the short canyon at the head of Lunada Bay and around the shores 
of the bay, where they are burned and baked. They also are readily 
accessible in the sea cliff southwest of the Malaga Cove beach club. 
On the north slope of the hills natural exposures are poor. 

The brecciated shale and brecciated blue schist sandstone—a con- 
venient term for sandstone characterized by abundance of débris de- 
rived from glaucophane schist—and massive blue schist sandstone 
at Point Fermin appear to represent this part of the section. Phos- 
phatic and bituminous shale is abundant here and the brecciated shale 
itself consists of such material. The thick beds of coarse-grained sand- 
stone, with which the shale is interbedded, produce a distinctive facies. 
The horizon at which the base of the upper division of the Altamira 
is to be drawn in this region is uncertain; perhaps it should be higher 
than shown in Figure 2. Some beds of sandstone here carry slabs of 
glaucophane schist that have a maximum length of several feet, and 
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many rest with an irregular surface on brecciated or unbrecciated 
shale. Joints in the sandstone are filled with asphalt. Relatively soft 
porcelaneous shale and silty shale are other constituents in this region. 
A 3-foot bentonitic tuff underlies the sandstone and brecciated shale 
unit that forms the sheer cliff at Point Fermin. 

North and northwest of Point Fermin there are many beds of blue 
schist sandstone, characterized by the abundance of grains and shreds 
of glaucophane, in this part of the section. Even beds of diatomaceous 
silt, which are more frequent than in the western part of the hills, 
carry shreds of glaucophane. Inasmuch as the sandstones decrease in 
thickness and grain size away from Point Fermin, a region beyond 


sw. NE. 
South coas North slope 
Palos Verdes Hills Palos Verdes Hills TORRANCE OIL FIELD 


2MILES 


Fic. 3.—Schematic section Pe. ssaioeed overlap of Miocene beds onto schist 
basement in Palos Verdes Hills and southern part of Los Angeles Basin. 


the present coast is regarded as the source of this detrital material, 
as was inferred for the San Onofre breccia."' Glaucophane schist ap- 
parently was more abundant in the region that yielded this débris 
than in the area of metamorphics cropping out in the Palos Verdes 
Hills. The breccia beds and sandstones at Point Fermin appear to be 
the product of deformation that was pronounced in a region beyond 
the present coast. 

The upper part of the Altamira shale includes nodular phosphatic 
shale like that occurring at the base of the Modelo formation in the 
Santa Monica Mountains and at the base of the Miocene section in 
the Playa del Rey and Torrance oil fields." Hoots suggested that the 
phosphatic shale at these localities is of the same age. The base of 
the Modelo in the Santa Monica Mountains and the phosphatic shale 
division in the Palos Verdes Hills carry Foraminifera of the same zone, 
and the northward overlap diagrammatically shown in Figure 3 lends 


11 A. O. Woodford, op. cit., pp. 236-37. 

12H. W. Hoots, A. L. Blount, and P. H. Jones, “Marine Oil Shale, Source of Oil 
in Playa del Rey Field, California,’ Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 2 
(February, 1935), pp. 172-205, 11 figs. 
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FORAMINIFERA FROM UPPER PART OF ALTAMIRA SHALE MEMBER AND FROM 
Upper DIVISION OF MIDDLE PART OF ALTAMIRA 
SHALE MEMBER. (GROUP 3) 


Localities 


Species ZoneE Zone F 


15 I4 16 17 


Robulus cf. R. nikobarensis (Schwager).............-. 


Nodosaria cf. N. tympaniplectriformis Schwager. ...... 
Elphidium aff. E. crispum (Linné)................... 
Nodogenerina advena Cushman and Laiming.......... 
Nodogenerina aff. N. lepidula (Schwager)............. 
Buliminella brevior 


& 
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Buliminella subfusiformis Cushman.............-....- R 
Bulimina cf. affinis d’Orbigny of Brady.............. 
Bulimina uvigerinaformis Cushman and Kleinpell..... . 
Virgulina californiensis californiensis Cushman....... . R 
Virgulina californiensis ticensis Cushman and Kleinpell. 
V irgulinella miocenica F 
Bolivina advena advena Cushman..................-. 
Bolivina cf. B. argentea Cushman ?.................. 
Bolivina californica Cushman... 
Bolivina marginata 
Bolivina modeloensis Cushman and Kleinpell........ ; 
Bolivina parva Cushman and Galliher................ 
Bolivina sinuata alisoensis Cushman and Adams...... . 
“Bolivina aff. B. spissa Cushman” Rankin............ 
Uvigerina modeloensis Cushman and Kleinpell....... 
Uvigerina segundoensis Cushman and Galliher...... .. 
Uvigerina subperegrina Cushman and Kleinpell....... | 
Valvulineria araucana (d’Orbigny)................. .| 
Valvulineria aff. V. inaequalis (d’Orbigny)........... 
“Eponides aff. E. broeckiana (Karrer)” Rankin....... 
Eponides keenani Cushman and Kleinpell.......... 
Baggina californica 
Pulvinulinella pacifica | 
Cassidulina crassa 
Cassidulina monicana Cushman and Kleinpell........ 
Chilostomella (?) cf. C. oolina Schwager.............. 
Pullenia aff. P. quinqueloba (Reuss).................. 
Sphaeroidina bulloides 
Globigerina bulloides 
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some measure of support to the view that the phosphatic shale divi- 
sion and the base of the Miocene at Torrance and Playa del Rey 
represent approximately the same horizon. 

Foraminifera were found in the phosphatic shale at locality 17; 
elsewhere they are represented by molds. Locality 16 is in silty shale 
underlying the breccia beds and blue schist sandstones at Point 
Fermin; perhaps it should be referred to the upper part of the middle 
division of the Altamira. Localities 14 and 15 are in porcelaneous and 
silty shale regarded as near the top of the middle division; they are 
listed here with locality 16, as the species from these three localities 
represent a zone (zone E) more closely related to the one at locality 17 
(zone F) than to zone D. 


Assemblages from localities 14 and 16 are characteristic of a zone that im- 
mediately overlies the so-called Valvulineria californica zone at several widely 
separated localities in California. Bolivina modeloensis, Cassidulina monicana, 
and Virgulina californiensis licensis are restricted to this zone, which is fur- 
ther characterized by the first appearance of such common Upper Miocene 
species as Uvigerina hootsi, U. segundoensis, U. subperegrina, and Valvulineria 
araucana. Although a number of common Middle Miocene species, particu- 
larly those belonging to the Buliminidae, are held over from the “‘Valvulineria 
californica zone,” stocks like those of Valvulineria californica, V. miocenica, 
and Siphogenerina, which dominate the Middle Miocene faunas and are tropi- 
cal in their affinities, are lacking in zone E. The terms Middle Miocene and 
Upper Miocene are used in accordance with current Coast Range chronology. 
Faunas very close to those from localities 14 and 16 occur at the base of the 
Modelo formation near Mohn Spring in the Santa Monica Mountains, and 
in the Tice shale of Contra Costa County. A relatively meager assemblage 
from locality 15 is grouped with those from localities 14 and 16 on the basis 
of field relations. It lacks stratigraphically diagnostic elements other than 
Virgulinella miocenica and an undescribed species of Bolivina; both forms are 
known to range from zone E through zone G, and Virgulinella miocenica ap- 
pears to be characteristic of this stratigraphic interval. 

Locality 17, the only one where determinable Foraminifera were found in 
phosphatic shales, represents a distinct zone. Of the forms listed, Bolivina 
sinuata alisoensis and Bulimina uvigerinaformis appear to be diagnostic of 
this zone. Assemblages from this zone are more closely related to those from 
zone E than to those of the overlying zone, and zones E and F are often 
grouped into one zonal unit. Foraminiferal assemblages with which the as- 
semblage from locality 17 may be correlated are found near the base of the 
McLure member of the Monterey shale along Reef Ridge in the Coalinga 
district; in shale 250 feet above the Topanga-Modelo unconformity near Mohn 
Spring in the Santa Monica Mountains; and at the type locality of Bulimina 
uvigerinaformis east of the mouth of Dos Pueblos Canyon, Santa Barbara 
County. 

All the assemblages in group 3 are indicative of a habitat within the limits 
of the neritic zone. The presence of Elphidium, and other features, suggest 
that the shale at locality 16 was deposited in comparatively shallow water, 
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probably at the edge of, or not far removed from, the littoral zone. The 
Foraminifera from localities 14 and 17 suggest a habitat in the deeper reaches 
of the neritic zone. 


VALMONTE DIATOMITE MEMBER 


Diatomite and diatomaceous silt, or clay, are the prevailing rocks 
overlying the Altamira shale. This unit is here named the Valmonte 
diatomite member. The type region is east of the Valmonte district, 
where the upper part of the member is well exposed in the quarries 
of the Dicalite Company. Its estimated thickness is 750 feet. 

The base of the Valmonte diatomite cannot be satisfactorily 
mapped. It is drawn where diatom-bearing rock becomes abundant; but 
this horizon is known to vary from place to place, and diatomite and 
diatomaceous silt occur in the underlying phosphatic shale division. 
In the western part of the hills, where cherty shale is abundant near 
the top of the Altamira shale, the upper limit of cherty shale is used 
as a guide in mapping in the absence of exposures near the base of 
the diatomite. On the central part of the north slope and in the eastern 
part of the hills, cherty shale and porcelaneous shale are rare above 
the Miraleste tuff, and dependence on the upper limit of such shale 
would lead to the mapping of the diatomite at the horizon of the 
Miraleste tuff as the base of the diatomite member. As a matter of 
fact, this was done before the stratigraphic significance of the Mira- 
leste tuff was appreciated, and on the final map it may be desirable 
to show this eastward change in lithology. The base of the Valmonte 
diatomite shown on Figure 1 is drawn with the Miraleste tuff as a 
guide and allowing for an average thickness of phosphatic shale; that 
is, it is drawn where no pronounced lithologic change is apparent and 
where natural exposures are rare. Even in Peck Park in the north- 
western part of San Pedro, where there are virtually continuous arti- 
ficial exposures in this part of the section, the separation of the di- 
atomite member from diatomaceous slit and fine-grained blue schist 
sandstone, regarded as representing the upper division of the Alta- 
mira, is uncertain. In the southwestern part of San Pedro there is still 
more uncertainty, for west of Alma Street there appears to be more 
diatomite in the upper division of the Altamira than elsewhere. This 
apparent change may be due, however, to undetected structural com- 
plications. 

The thickest beds of diatomite are in the upper part of the Val- 
monte member. Even this part is made up of alternating units of 
diatomite and diatomaceous silt—the latter discarded in mining— 
that vary in thickness from 4 to 6 feet. Limestone is less abundant 
than in the Altamira shale and at most places is confined to the lower 
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part. Silica-cemented rock generally is in the form of thin bands of 
black chert; at places zones of porcelaneous and cherty shale are found 
in the lower part of the member. Volcanic material consists of loose 
unaltered volcanic glass, called “‘silver sand” by the diatomite miners, 
in constrast with the bentonitic tuff of the Altamira shale. The thickest 
bed of volcanic glass observed has a thickness of 43 feet; most of the 
beds are only a few inches thick. 

Well preserved Foraminifera were found in the Valmonte diato- 
mite only in the eastern part of the hills. The following species are 
represented in the material collected. 


FORAMINIFERA FROM VALMONTE DIATOMITE MEMBER. (GROUP 4) 


Localities 
Species Zone G Zone H 

18 | 19 | 20 \20a) 21 \21a\21b) 22 
Planularia sp. (?) Cushman and Kleinpell.......... R 
Nodosaria longiscata d’Orbigny?................... R 
Nodosaria cf. N. tympaniplectriformis Schwager... . . R 
Frondicularia advena F 
Lagena globosa R 
Nonionella miocenica Cushman.................... R 
Nodogenerina advena Cushman and Laiming........ R . 
Buliminella dubia Barbat and Johnson?............ R 
Buliminella subfusiformis Cushman................ R| F R 
Bulimina cf. B. affinis d’Orbigny of Brady.......... R 
Bulimina inflata R 
Bulimina aff. B. ovula d’Orbigny.................. A F | F R 
Virgulina californiensis californiensis Cushman. .... . R 
Virgulina californiensis grandis Cushman and Klein- 

Virgulina delmonteensis Cushman and Galliher...... F/R/C F 
Bolivina advena advena Cushman.................. F 
Bolivina aff. B. advena Cushman.................. R R 
Bolivina cf. B. argentea Cushman.................. C|F|R|R/F/F/F/|R 
“Bolivina beyrichi alata (Seguenza)’’ Rankin........| F F C|F/F 
Bolivina brevior R|F 
Bolivina cf. B. decurtata Cushman................. 
Bolivina girardensis Ra F R 
Bolivina goudkofi Rankin................ A 
Bolivina grants Rankim......... F 
Bolivina hughesi Cushman........................ A|A/A R R 
Bolivina cf. B. interjuncta Cushman................ R 
Bolivina sinuata sinuata Galloway and Wissler.... .. R Cc 
“Bolivina aff. B. spissa Cushman”’ Rankin........ R| F R 
Bolivina afi. B. subadvena Cushman............... F R 
Uvigerina hootsi Rankin. . Cc 
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Localities 
Species Zone G Zone H 
18 | 19 | 20 |20a| 27 |21a\21b| 22 
Uvigerina aff. U. hootsi Rankin.................... 
Uvigerina modeloensis Cushman and Kleinpell...... 
Uvigerina segundoensis Cushman and Galliher..... . F ric 
Uvigerina cf. U. senticosa Cushman................ R 
Uvigerina subperegrina Cushman and Kleinpell...... 
Valvulineria araucana (d’Orbigny)................. F/ 
Gyroidina soldanii rotundimargo R. E. and K. C. Stew- 
“Eponides aff. E. broeckiana (Karrer)’’ Rankin...... R R 
Eponides healdi R. E. and K. C. Stewart........... F F 
Eponides keenani Cushman and Kleinpell.......... F 
Baggina californica Cushman.................-... R 
Pulvinulinella capitanensis Cushman and Kleinpell?..| R | R 
Cassidulina barbarana Cushman and Kleinpell..... . R|F R|R 
Cassidulina crassa R|R|F R 
Cassidulina modeloensis Rankin................... R/|R|R/C A|C/A 
Sphaeroidina bulloides d’Orbigny.................. R|R/R R 
Globigerina bulloides d’Orbigny.................... F R 
Anomalina hughesit F 
Planulina cf. P. arimenensis d’Orbigny............. R 
Planulina depressa F 
Planulina ornata d’Orbigny....................... F|R R 
Cibicides ct. C. cicatricosa (Schwager).............. A|F F 
Cibicides cf. C. illingi (Nuttall)................... R 


The Foraminifera from the Valmonte diatomite represent the fauna listed 
by Rankin from Hoots’ lithologic units 7 to 16 (inclusive) of the lower mem- 
ber of the Modelo formation exposed along the road from Girard to Mohn 
Spring."* Rankin, Hughes, and Goudkoff have cited the same fauna from the 
upper shale member of the Puente formation as exposed in La Habre Canyon 
on the south flank of the Puente Hills.‘ The fauna is represented by rich as- 
semblages of well-preserved and characteristic forms in the Palos Verdes 
Hills. Of the species listed by Rankin, Hughes, and Goudkoff as characteristic, 
only the two species of Buliminella are missing. The fauna from the Valmonte 
can also be correlated with the “middle Nonion fauna’ of the Monterey 
shale at the type locality.” 

Two zones are recognized in the Valmonte diatomite, although the differ- 
entiation is not as clear-cut as in the other zones under discussion. The dis- 
tinctive features of the two zones, nevertheless, persist at a number of locali- 
ties in Southern California, including the Girard-Mohn Spring section referred 
to above. Zones G and H are distinguishable more through quantitative than 


13 H. W. Hoots, “Geology of the Eastern Part of the Santa Monica Mountains, 
Los Pry ® County, California,” U.S. Geol. Survey Prof. Paper 165-C (1931), pp. 103- 
04, 113, Pl. 27. 


4H. W. Hoots, op. cit., p. 114. 


_E. Wayne Galliher, “Stratigraphic Position of the Monterey Formation,” 
Micropal. Bull., Vol. 2, No. 4 (1931), pp. 71-74. 
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through qualitative differences, a condition that becomes progressively more 
pronounced in ascending the later Tertiary column in California. This condi- 
tion possibly has its origin in the corresponding progressive decrease in tem- 
perature suggested by other lines of evidence. As far as now known, Baggina 
californica, Pulvinulinella capitanensis and Uvigerina modeloensis range no 
higher than zone G; and Uvigerina aff. U. hootsi appears in the column 
at no horizon lower than zone H. Bolivina goudkoffi is apparently restricted to 
zone H; and a marked increase in the number of specimens of Bolivina 
seminuda, B. sinuata, Cassidulina modeloensis, and ‘‘Planularia sp. (?)’’ to- 
gether with a falling off of Bolivina hughesi, seems also to characterize the 
upper of the two zones. 

All the assemblages of group 4 are of the medium-depth type and point 
to deposition in the bathyal rather than the neritic zone. 


Delectopecten pedroanus (Trask) is the only mollusk discovered in 
the Valmonte diatomite, and it was found only at locality 20. The 
range of this species is not known; it appears to be represented in the 
Pliocene deposits of the Los Angeles Basin. 


MALAGA MUDSTONE MEMBER 


The radiolarian mudstone at the top of the Miocene section is 
called the Malaga mudstone member. The type region is at Malaga 
Cove on the west coast, where the base and top, but not the entire 
thickness, are exposed in the sea cliff.'* Perhaps this unit should be 
treated as a separate formation; but elsewhere rocks of this type are 
found within the Monterey, and the Malaga itself embraces some di- 
atomite. At Malaga Cove the base of the Malaga mudstone carries 
pebbles of phosphatized limestone, schist, and black basaltic rock, 
representing an influx of coarse detrital material, possibly resulting 
from uplift of a region beyond the present coast, and perhaps a brief 
period of slow deposition or nondeposition. Whether the base has simi- 
lar features elsewhere, or whether it represents a uniform horizon, is 
not known. Immediately east of Western Avenue, schist pebbles are 
found in a lens of limestone that appears to be at the base. The 
Malaga is overlain by the Repetto siltstone, considered of Lower Plio- 
cene age. 

The Malaga mudstone is confined to the north and east sides of 
the hills. Its thickness is difficult to determine. Along the north slope 
of the hills it probably is not over 300 feet. In San Pedro there are good 
exposures in street cuts, but bedding generally is indiscernible. On 
an assumption of an average eastward dip of 15° in San Pedro, and a 
further assumption of the absence of faults and folds, the thickness 
there is 600 feet. 


16 W. P. Woodring, “San Pedro Hills,” XVJ Int. Geol. Cong. Guidebook 15, Southern 
California (1932), Fig. 6 (p. 39). 
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Most of the Malaga consists of massive mudstone, or fine-grained 
siltstone, that is greatly jointed and hackly. In fresh exposures it is 
dark brown and closely resembles the brown shale (Modelo formation 
of some workers and Santa Margarita formation of others) at the top 
of the Miocene in the Ventura Basin.'’ Glauconite grains and Fora- 
minifera are rare, whereas they are abundant in the overlying Re- 
petto. Relatively large globular radiolaria are apparent in almost any 
hand specimen from the Malaga; diatoms are moderately abundant. 
Limestone lenses and concretions occur throughout the member. At 
Malaga Cove the upper part is made up of alternating beds of mud- 
stone, 6 to 23 feet thick, and of laminated diatomite, 1 to 19 feet 
thick. Thin beds of diatomite also were observed in isolated exposures 
on the north slope of the hills, but not in San Pedro. 

Mudstone characterized by the same lithologic features occurs at 


FORAMINIFERA FROM MALAGA MupsToNE MEMBER. (GROUP 5) 


Localities 
Species Zone I 


23 


25 


Nodosaria cf. N. tympaniplectriformis Schwager ............ 
Frondicularia advena 
Buliminella dubia Barbat and Johnson..................... R 
Bulimina cf. B. affinis d’Orbigny of Brady................. R 
Bulimina aff. B. ovula 
Virgulina californiensis californiensis Cushman.............. 
Virgulina delmonteensis Cushman and Galliher 
Boelssina aff. B. advena Cushman... 
Bolivina sinuata sinuata Galloway and Wissler.............. 
Uvigerina segundoensis Cushman and Galliher 
Valvulineria aff. V. araucana (d’Orbigny)................... 
Gyroidina soldanii rotundimargo R. E. and K. C. Stewart 
“Eponides aff. E. broeckiana (Karrer)’’ Rankin 
Eponides healdi R. F. and K. C. Stewart................... 
Eponides keenani Cushman and Kleinpell 
Cassidulina modeloensis 
Chilostomella (?) cf. C. oolina Schwager.................... 
Pullenia cf. P. salisburyi R. E. and K. C. Stewart. 
Globigerina bulloides d’Orbigny 
Planulina ornata d’Orbigny 


aR 


1” W.S. W. Kew, “Los Angeles to Santa Barbara,” XVI Int. Geol. Cong. Guidebook 
15, Southern California (1932), p. 61. 
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the top of the Miocene section along Newport Lagoon at the west end 
of the Laguna Hills, 30 miles southeast of the Palos Verdes Hills, and 
also at the east end of the Laguna Hills, where it forms part of Wood- 
ford’s Capistrano formation.'* 

Well preserved Foraminifera were found in the Malaga mudstone 
only at locality 24, near the base of the member in San Pedro—a 
locality discovered by Hampton Smith. A few species from limestone 
concretions were collected at localities 23 and 25. The species are as 
shown in the table (p. 147). 


The Malaga mudstone assemblages from localities 24 and 25 may be cor- 
related with the fauna of Hoots’ lithologic unit 18 of the upper member 
of the Modelo formation of the Santa Monica Mountains, as listed by Rankin 
from exposures near Girard, and with the upper shale member of the Modelo 
formation in the type region in Modelo Canyon.!® The meager and poorly 
preserved faunule from locality 23 is grouped with the other two on the basis 
of field relations. 

The abundance of such characteristically deep-water forms as Bathy- 
siphon, Bulimina inflata, Cassidulina delicata, Eponides healdi, and Gyroidina 
soldanii rotundimargo suggest that the Malaga mudstone at locality 24 was 
deposited at abyssal depths, about 500 fathoms or more. 


FOSSIL LOCALITIES 


1. South slope, Portuguese Canyon, 2,375 ft. N. 27° W. from 318 B.M. north of 
Portuguese Bend. Field No. B 42. 
2. East slope, Western Ave., southern Miraleste district, 3,275 ft. S. 86° E. from 
B.M. on San Pedro Hill. Field No. B 45a. 
3. West coast, coast road, 3,075 ft. S. 26° W. from 278 B.M. near Flat Rock 
Point, one foot above basalt sill. Field No. W 12-31. 
4. East slope, crest road, 1,250 ft. S. 69° E. from B.M. on San Pedro Hill. Field 
No. B 45. 
5. East slope, N. side of ravine E. of road to Miraleste district, 5,350 ft. S. 71° E., 
from B.M. on San Pedro Hill. Field No. W 125-30. 
6. East slope, S. side of ravine 100 ft. W. of Weymouth Ave., in block N. of 
Seventh St. Field No. W 22-33. 
7. East slope, path on N. side of ravine in Peck Park, 1,175 ft. N. 86° E. from 
406-hill. Field No. W 21-33. 
8. East coast, crest of low anticline, 800 ft. SW. of fault at Cabrillo Beach. Field 
No. W 6-33;S PH 14. 
9. East coast, 50 ft. S. of fault at Cabrillo Beach. Field No. W 61-30. 
10. West coast, 1,450 ft. SW. of beach club at Malaga Cove. Field No. W 34-33. 
11. East slope, ravine on scarp near foot, 8,375 ft. S. 50° E. from B.M. on San 
Pedro Hill. Field No. W 130-30. 
12. South slope, near N. end of cut on W. side of Alma St., 1,075 ft. NE. of 
Thirty-seventh St. Field No. W 132-30. 
13. North slope, W. side of George F Canyon, 1,925 ft. N. 59° W. from 732-hill 
near Western Ave. Field No. W 26-33. 
. 14. South coast, at top of grade along road leading down to Whites Point. Field 
Yo. B 36. 
15. South slope, road leading northward from Whites Point, 1,000 ft. N. 57° W. 
from 371 B.M. at SW. corner of military reservation. Field No. S P H 11. 


18 A.O. Woodford, op. cit., pp. 216-17. 
1 H. W. Hoots, op. cit., pp. 113-14. 
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16. South coast, foot of path leading down to beach, 1,700 ft. NW. of Point 
Fermin. Field No. B 46. 

17. East coast, 200 ft. N. of fault at Cabrillo Beach. Field No. B 43. 

18. East coast, Cabrillo Beach, 300 ft. NW. of end of breakwater. Field No. W 
60-30. (Now inaccessible.) 

19. East coast, Cabrillo Beach, 750 ft. NW. of end of breakwater. Field No. B 44. 

20. East slope, foot of cliff at N. edge of Peck Park. Field No. W , 8-333 W go! a-30. 

20a. Same locality, 20 ft. higher stratigraphically. Field No. W 3 

21. East slope, E. side of ravine W. of intersection of Bandini’ phan ‘and Upland 
St. Field No. W 14-4. 

21a. Same locality, 65 ft. higher stratigraphically. Field No. W 14-s. 

21b. Same locality, 2 ft. higher stratigraphically. Field No. W 14-6. 

22. East slope, N. side of Fifth St., 100 ft. E. of Meyler Ave. Field No. W 10-35. 

23. West coast, N. limb of southern syncline at Malaga Cove. Field No. W 36-33. 
os. a East slope, W. side of Cabrillo Ave., 75 ft. N. of Fourth St. Field No. W 49-33; 

Io. 

25. East coast, S. face of cliff at Timms Point, 100 ft. W. of point. Field No. W 

59-30. (Now inaccessible. ) 
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AGE AND CORRELATION OF SCHIST-BEARING CLASTICS, 
VENICE AND DEL REY FIELDS, CALIFORNIA! 


WILLIAM H. COREY? 
Los Angeles, California 


ABSTRACT 


The oil-containing, schist-bearing clastics, on the schist and below the nodular 
shale of the Venice and Del Rey oil fields, are determined as of Upper Miocene age by 
fossil mollusks found in cores. Emergence of the area in Vaqueros through Temblor 
into Upper Miocene time, and conformity between the schist sand and nodular shale, 
are indicated. They are correlated with Hoots’ ‘“‘basal Modelo graywacke”’ of Santa 
Monica Mountains. 


The object of the present study is to determine the age and cor- 
relations of the schist-bearing sand and conglomerate which rest on 
the schist, and below the nodular Upper Miocene shale, in the Venice 
and Del Rey Hills oil fields. A definite conclusion in regard to these 
points, it is believed, would have considerable significance, not only 
in regard to local structural conditions (whether an unconformity 
exists between the shale and the sand, due to a hiatus, or whether 
continuous deposition took place, with overlap), but also as to the 
paleogeographic conditions in the vicinity of these fields and generally 
on the western margin of the Los Angeles Basin. 

Since the presence of molluscan fossil material in the schist sand 
of the Venice field has been noted by Hoots,’ the writer has made spe- 
cial effort to find such material in all available cores from the schist 
sand and conglomerate of both the Venice and the Del Rey Hills 
fields. Permission was obtained to search all such cores taken by the 
Union Oil Company and the Ohio Oil Company, and many of the 
operators in the Del Rey field permitted examination of cores. 

This search resulted in the discovery of a somewhat surprising 
amount of molluscan material comprising several species which allow 
a fairly certain determination of the age and correlation of the clastic 
schist formation in the Venice area as Upper Miocene, directly cor- 
relative with Hoots’ “‘basal Modelo graywacke” of the Santa Monica 
Mountains.* 


1 Read before the Pacific Section of the Association at Los Angeles, November 7, 
1935. Manuscript received, November 20, 1935. 

? Box 1437, Arcade Annex. 

* Harold W. Hoots, A. L. Blount, and P. H. Jones, “Marine Oil Shale, Source of 
Oil in Playa del Rey Field, California,” Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No.2 
(February, 1935), pp. 172-205. 

4 H. W. Hoots, “Geology of Eastern Part of Santa Monica Mountains, California,” 
U.S. Geol. Survey Prof. Paper 165-C (1930), p. 105. 
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The material noted to date is as follows. 


OHIO OIL COMPANY’S HOWLAND WELL NO. I 


Depth, 6,776-6,795 feet. Core. Scattered in upper, finer-grained part of the sedi- 
ments were Calypiraea inornata (Gabb) (6 specimens). In coarse sand of lower part, 5 
inches of fairly hard cemented zone of shells composed mainly of fragments of Balanus 
and broken Mytilus, were Mytilus cf. mathewsoni Gabb (fragmentary); Ostrea sp. (par- 
tial and fragmentary); Balanus sp. (abundant) 


BARNSDALL OIL COMPANY’S BURKE WELL NO. I 
Several specimens of small conical coral species in medium-grained schist sand 


DUNLAP PETROLEUM CORPORATION’S DUNLAP WELL NO. I 


Depth, 6,620 feet. Core. In coarse schist sand and conglomerate: Ostrea sp. (3 in- 
complete, worn specimens) 


ALLIED PETROLEUM COMPANY’S DEL REY WELL NO. I 
Depth, 6,659-6,664 feet. Core. Scattered though 1 foot of hard schist sand about 


10 casts of Pecten raymondi brionianus Trask, also 1 Pecten crassicardo, var. 
The known molluscan fauna of the schist sand includes: 


Mytilus cf. mathewsoni Gabb 
Ostrea sp. 

Pecten raymondi brionianus Trask 
Pecten crassicardo, var. 
Calyptraea inornata (Gabb) 
Balanus sp. 

Coral sp. (small, conical) 


DISCUSSION 


These species are representative of a near-shore, rough-coast 
faunule, all of them being rock-clinging forms except the Pecten, 
which is an active, rock and kelp inhabitant. The Mytilus, although 
no complete specimen was found, resembles most M. mathewsoni 
Gabb, which first appears in Upper Miocene. The Ostrea, unfortu- 
nately, happens to be a generalized form belonging to the O. titan 
group which lived from Oligocene to Pliocene and became dominant 
in the Upper Miocene. The Pecten is the most important species of 
this faunule, due, of course, to the usual greater index value of Pecten 
species. This form, in spite of the rather poor preservation, is defi- 
nitely determinable as P. raymondi var. brionianus Trask. This spe- 
cies, as well as the variety, is known only from the Upper Miocene. 
It is probably derived from P. andersoni Arnold, the Temblor form of 
the “kelp pectens,”’ rock and sand-bottom inhabiting group. Pectens 
of the mud-living, off-shore group (as P. discus Conrad), which are 
numerous in Upper Miocene shales, are of little index value. The 
Calyptraea is of little index value, as is the Balanus, for the present 
purpose. In regard to the small coral, the writer knows of the occur- 
rence of no such coral in the lower part of the Miocene, and believes 
it may be identified with known Upper Miocene or early Pliocene 
forms. 


J 
} 
| 
| 
| 
| a 
| 
| 
5 
| 
? 
| 
4 


152 WILLIAM H. COREY 


CONCLUSIONS 

The molluscan material available at present indicates with a fair 
degree of certainty the schist clastic formation penetrated in the 
Venice area to be Upper Miocene in age. Further, a Pecten, identical 
with the form previously mentioned, is also abundant in the same 
stratigraphic position in the Modelo “‘basal graywacke’”’ of the middle 
eastern Santa Monica Mountains, as described by Hoots. A foraminif- 
eral check on this correlation may be possible, according to W. H. 
Holman, as foraminifers are present in the Modelo shale a short dis- 
tance above the molluscan zone of the Santa Monica Mountains, 
which may be correlated with material from the Venice area, in fact, 
from the same well in which the Pecten was found. 

If the schist clastic deposits of the Venice area are correctly de- 
termined as Upper Miocene in age, the following conditions are indi- 
cated. 

1. Continuous deposition, without hiatus, from the beginning of 
schist-bearing sediment accumulation on the old schist surface, 
through the nodular shale. A sharp conglomerate-shale contact was 
noted in the Venice field, and early in the development of the Del Rey 
field, schist sediments of greatly differing textures were penetrated 
below the nodular shale in different wells. This led to the belief that 
an unconformable relationship exists between the shale and the sand. 
It is now assumed that these differences indicate lateral variation in 
deposition of the clastics. It should be stated here that, lately, in sev- 
eral wells, cores taken from the shale into the sand have not only 
shown a gradational condition for several feet, but an actual inter- 
bedding through a short interval in some wells. This continuity of 
age and deposition in turn indicates the following condition. 

2. Emergence in Vaqueros and Temblor times of a large schist 
area, with the continued emergence of a smaller, local area in the 
Venice district into Upper Miocene time, or until the general sub- 
mergence which ended the erosion of schist and began deposition of 
shale over the highest schist areas. 

That the general area of the emergence was very much greater in 
extent than the local area persisting into Upper Miocene time is 
shown by the following considerations. 

On the north, Hoots’ “graywacke”’ at the base of the Modelo, im- 
mediately above the schist, in the middle of the eastern Santa Monica 
Mountains, indicates proximity to a similar local Modelo “high.” This 
is near the northern margin of the greater Temblor emerged area,as 
is shown by the presence of Temblor deposits east and west of it in 
these mountains. 
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On the south, Woodring® has found deposits of Temblor age only 
on the south side of the Palos Verdes Hills area, whereas on its north 
side, and presumably in the Redondo-Torrance district, they are ab- 
sent. Correspondingly, the Upper Miocene basal clastics thicken 
southward across the Palos Verdes block, and are generally absent 
or thin in the Redondo-Torrance district. 

Between the Redondo and Venice districts, in the Republic and 
Larco wells near El Segundo, only about 65 and 75 feet, respectively, 
of coarse schist clastics rest on the schist, although the schist surface 
is 1,900 and 2,100 feet lower than at its highest point in the Venice 
district. The nodular shale body corresponds in thickness and depths. 
The schist clastic material here was presumably deposited contem- 
poraneously with that of the northern and southern districts near 
local “highs” on a previously emerged mass. Subsequent to the de- 
position of the Upper Miocene nodular shale, this greater schist mass 
was down-warped in the region between Venice and Redondo. Later, 
this down-warped mass became a graben between the Palos Verdes 
and Santa Monica front faults. 

In the writer’s paleogeographic study of the Vaqueros and Tem- 
blor horizons,° strong paleontological and other evidence led him to 
believe in the absence of a Vaqueros seaway across the Los Angeles 
Basin. The present study corroborates that evidence and belief. In 
the case of the Temblor horizon, there was evidence of such a seaway. 
The present study also corroborates that belief. The suspected pres- 
ence of a large, westerly Temblor land mass, the eastern margin of 
which followed the trend of the Inglewood rift zone, is now confirmed. 
This area probably connected with the southerly Temblor land area 
which supplied the San Onofre breccia.’ A wide channel, which cov- 
ered most of the area of the Santa Monica Mountains, connected the 
Los Angeles Basin with the Temblor sea on the west. 

The writer has studied the occurrence of schist breccia at Point 
Dumé and farther west (Woodford’s “northerly extension of the San 
Onofre breccia’’)* and although no molluscan material was found, the 
stratigraphy and relationships there indicate that it is of the same 


5 W. P. Woodring, M. N. Bramlette, and R. M. Kleinpell, “Miocene Stratigraphy 
and Paleontology of Palos Verdes Hills, California,’’? Bull. Amer. Assoc. Petrol. Geol., 
Vol. 20, No. 2 (February, 1936), pp. 125-49. 


6 Wayne Loel and W. H. Corey, ‘Vaqueros Formation of California,” Univ. Cali- 
fornia Dept. Geol. Sci. Bull., Vol. 22, No. 3 (1932). 


7 A. O. Woodford, “The San Onofre Breccia,”’ Univ. California Pub. Bull. Dept. 
Geol. Sci., Vol. 15, No. 7 (1925). 


8 A. O. Woodford and T. L. Bailey, ‘““Northwestern Continuation of the San 
Onofre Breccia,”’ Univ. California Dept. Geol. Sci. Bull., Vol. 17 (1928), p. 190. 
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age and nature as the schist clastics of the Santa Monica-Venice area. 
It is not correlative with the San Onofre breccia of the south coast, 
which is definitely Temblor in age, but was probably derived from 
another, more westerly, local schist highland persisting into the Upper 
Miocene. Bremner® and Rand" found the equivalent of San Onofre 
breccia in the coarse Temblor deposits on Santa Cruz Island—as defi- 
nitely correlated by the writer on the basis of molluscan material— 
indicating the presence of Temblor land east or south of the present 
island. 

From these facts and assumptions it may reasonably be inferred 
that the Vaqueros-Temblor land mass, and, therefore, the general re- 
gion over which local high areas persisted until submerged at the 
time of deposition of the nodular shale (and from which high areas the 
basal schist clastic material was derived in Upper Miocene time) ex- 
tended on the west of the Inglewood rift zone, from the Santa Monica 
Mountains to the south side of the Palos Verdes Hills, possibly south- 
easterly from there, and probably westerly toward Santa Cruz Island. 


°C. St. J. Bremner, “Geology of Santa Cruz Island, California.’’ Santa Barbara 
Museum Nat. Hist. Occasional Paper 1 (1932), p. 21. 


10 W. W. Rand, “Geology of Santa Cruz Island, California,” Mining in California 
(April, 1931), “State Mineralogists’ Report XXVII,” p. 217. 
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HOSKINS MOUND SALT DOME 
BRAZORIA COUNTY, TEXAS! 


ARCHER H. MARX? 
Houston, Texas 


ABSTRACT 


Hoskins Mound is a typical Gulf Coast salt dome situated in southeastern Brazoria 
County, Texas. It has a low topographic mound, roughly circular in outline and char- 
acteristic of the intrusion of a salt plug into the overlying Tertiary and later formations 
found in this region. The salt is capped by anhydrite and limestone, with commercial 
deposits of sulphur occurring in the limestone on the flanks of the dome. Drilling has 
well outlined the cap rock which underlies between 400 and 500 acres of the dome area. 
The sulphur is secondary and later than the anhydrite and limestone. 

Since 1923, sulphur mining has been carried on by the method known as the Frasch 
process, in which superheated water is pumped into the formations and melts the 
sulphur. The sulphur collects at the bottom of the well and is brought to the surface 
by means of an air lift. To date, more than 4,000,000 long tons of sulphur have been 
produced from Hoskins Mound. 

Between 1905 and 1915, approximately 500,000 barrels of oil were produced from 
sands and sandstones immediately above the cap. Only a few off-dome tests have been 
drilled, and consequently very little information is available in regard to the oil pos- 
sibilities of the lateral beds abutting the dome. 


INTRODUCTION 


Hoskins Mound salt dome is in the Henry Austin Survey in the 
southeastern part of Brazoria County, Texas. It is located about 4 
miles west of West Bay, 15 miles northeast of Freeport, and 13 miles 
east of Angleton. A branch of the Missouri Pacific Railroad and good 
highways serve these towns and Hoskins Mound. With respect to 
other salt structures in the near vicinity, the dome is located approxi- 
mately as follows: 17 miles northeast of Bryan Heights, 10 miles 
northeast of Stratton Ridge, 12 miles southeast of Danbury, and 25 
miles east of West Columbia. Since 1923, the Freeport Sulphur Com- 
pany has been mining sulphur from a large deposit which occurs in 
the limestone cap on the flanks of the dome. 


1 Manuscript received, November 2, 1935. Published by permission of the Free- 
port Sulphur Company. 


2 Scouting department, Freeport Sulphur Company. The writer wishes to express 
his appreciation to the following individuals for assistance in the preparation of this 
manuscript: Marcus A. Hanna for photographs of cores; Donald C. Barton for sugges- 
tions and criticisms; John C. Miller for copies of paleontological reports; M. M. Korn- 
feld for interpretation of paleontological data; A. G. Parnell for draughting sections 
and maps. 
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HISTORY 


Although the existence of Hoskins Mound was undoubtedly 
known before the discovery of oil at Spindletop, it was not until the 
famous Lucas gusher was brought in at the latter place in January, 
1901, that the attention of oil men was called to the many topographic 
“highs” occurring along the Gulf Coast of Texas and Louisiana. 

The first record of an investigation of the mound was that under- 
taken by Guffey, Gailey, and Lucas. These men had the area exam- 
ined in 1901, as to its structure and oil possibilities, but no drilling was 
undertaken at the time. 

During 1903 and 1904, T. C. Stribling and W. V. Bowles drilled 
three tests near the top of the dome. Authentic logs of these wells are 
not available, but it is generally known that no oil was encountered. 

Between the years 1905 and 1910, the Mound Oil Company, a 
Texas corporation which had formerly acquired title in fee to Hoskins 
Mound and mineral rights on certain adjacent area, drilled twenty- 
eight wells on the mound. The depth of these tests ranged from 400 
to 1,600 feet, all but three being less than goo feet. Oil production was 
secured from six of the wells, none producing below a depth of 710 
feet. Logs of these wells show that the oil was recovered from sands 
and sandstones immediately above the cap rock. Initial production 
from the individual wells varied from 50 to 400 barrels daily. Total 
production from well No. 2 was reported to have been in excess of 
150,000 barrels. The oil was green in color, low in sulphur, and about 
21° Bé. gravity. 

Four wells were drilled by Thomas A. Nevins during the latter 
part of 1911. Depths of these tests ranged from 600 to 1,228 feet, 
with cap-rock material, but no oil being encountered in three of the 
holes. 

Guffey Petroleum Company obtained a lease from the Mound 
Company in 1912, and proceeded to drill three wells in the flanking 
areas. The deepest test was drilled to a depth of 2,560 feet. Cap rock 
and traces of oil were reported in one well at about 1,740 feet. 

In May, 1915, the Producers Oil Company, a Texas corporation 
associated with The Texas Company, leased Hoskins Mound and 
certain adjacent areas from the Mound Company. All of the rights, 
titles, and interest of the Producers Oil Company in this lease on 
Hoskins Mound and certain adjacent areas were subsequently trans- 
ferred and assigned to The Texas Company. 

Between 1915 and 1922, these two companies drilled thirty-six 
wells, four of which were on the deep flanks, and encountered no 
cap rock. A small amount of oil was obtained, but what proved to be of 
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much more importance was the occurrence of a large deposit of 
sulphur found in the limestone overlying the anhydrite. Occasionally, 
this mineral had been reported in the wells drilled by the Mound Oil 
Company and Producers Oil Company, but always in small quanti- 
ties. Consequently the search for oil went on, with no serious thought 
being given to the existence of a commercial sulphur deposit. Follow- 
ing the drilling of The Texas Company well No. 10, this company 
decided to prospect the cap rock for sulphur. 

During the first part of the prospecting period, sampling was 
accomplished by the ordinary coring methods then in use for rotary 
drilling, but the results were unsatisfactory. The company then de- 
cided to place sampling operations under the supervision of Spencer C. 
Browne and W. T. Lundy, who had sampled Big Hill cap rock in 
Matagorda County for the Texas Gulf Sulphur Company. Subsequent 
sampling was accomplished by the method known as “reverse return 
flow with air.” The results obtained from this method of sampling, 
and information from earlier wells drilled, indicated a sulphur deposit 
of commercial possibilities. As The Texas Company had no experience 
in operating a sulphur-mining property, negotiations were instituted 
with the Freeport Sulphur Company, which was operating a sulphur 
mine at Bryan Heights, Brazoria County, Texas. An operating agree- 
ment was reached, and on March 14, 1922, The Texas Company 
assigned its Hoskins Mound lease, so far as it related to sulphur, to 
the Freeport Sulphur Company. The latter company proceeded to 
design and install a sulphur-mining plant which was completed within 
a year. Sulphur production was obtained March 31, 1923, and has 
been practically continuous to the present time. 

Since mining started, Hoskins Mound has produced more than 
4,000,000 long tons of sulphur and undoubtedly will continue for 
years to come as one of the great sulphur-producing domes of the 
Gulf-Coastal province. 

PHYSIOGRAPHY 

The surface expression of the dome area is a low mound, roughly 
circular in outline and rising above the general elevation of the sur- 
rounding prairie about 25 feet, and 30 feet at the highest point above 
sea level. Since sulphur-mining began, the topography has been 
somewhat modified due to subsidence. The outline of the dome, as it 
is to-day, is shown by the 10-foot contour on the original contour map 
(Fig. 1). 

The surrounding prairie is essentially flat, except for two slightly 
elevated areas east of the mound. The smaller of these, known as 
Little Mound, is about 7,000 feet southeast. It comprises about 20 
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Fic. 1.—Surface topography of Hoskins Mound. 
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acres, rising to approximately 6 feet above the plain. Hayes Ridge 
is a flat, narrow ridge about 14,000 feet long, trending northeast from 
Little Mound and rising only a few feet above the surrounding 
prairie. Both of these elevations appear to be remnants of sand dunes 
which have reached their present state as a result of erosion. 

The only streams within 10 miles are Chocolate Bayou, on the 
north, and Austin Bayou on the southwest. The former empties into 
Chocolate Bay. Austin Bayou follows a meandering course through 
the low marsh land to Bastrop Bayou, which empties into Cox Lake. 


SURFACE GEOLOGY 


The surface material of the dome consists essentially of brownish 
yellow clay of Beaumont age. Calcareous nodules are found through- 
out this clay, and lenses of sand occur at the surface. Along the im- 
mediate coast or shore line, the surface material consists of sand, 
shell, and thin lenses of clay. 


SUBSURFACE GEOLOGY 


Hoskins Mound is a typical Gulf Coast salt dome which has 
reached its present form as a result of the upward thrust of an under- 
lying salt plug of unknown depth. Lying on the salt is a thick blanket 
of anhydrite and limestone, with considerable native sulphur oc- 
curring in the latter formation. Above the limestone is a mantle of 
unconsolidated Tertiary sediments, consisting of marls, sands, and 
clays. 

Five wells, out of approximately four hundred drilled, have en- 
countered salt. The information from these tests indicates a rounded- 
top plug with a dip of about 10 feet per hundred in the central area, 
increasing toward the flanks, where it pitches abruptly near the edge 
of the cap rock. The highest point at which salt was encountered was 
at 1,070 feet below sea-level, in a well near the center of the dome. 
It is probable that the area underlain by the plug is roughly circular 
in outline, and about 500 acres in extent. 


CAP ROCK 


In the nomenclature of the salt-dome geologist, the words “cap 
rock” are used to represent the whole mass of rock formations over- 
lying the salt and below the unconsolidated sediments, and include 
anhydrite, gypsum, and limestone. The sulphur miner usually uses 
the words “‘cap rock” to represent the essentially barren portion of 
the cap formation overlying the sulphur horizon. At Hoskins Mound, 
the cap may be divided into three parts which, in downward sequence, 
are as follows: barren limestone; sulphur-bearing limestone (sulphur 
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Fic. 2.—Topography of top of cap rock, Hoskins Mound. 
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horizon) ; and anhydrite. ‘‘False cap” is a term applied to a formation 
often present above the barren cap, and which consists of more or 
less quartz sand and fossils in a matrix of calcareous cement. This 
term is used in contradistinction to the carbonate cap which contains 
very little sand and is devoid of fossils. 

The surface of the limestone over the top of the dome is somewhat 
irregular and more or less undulating, but in general maintains an 
increasing dip toward the flanks (Fig. 2). With the exception of slight 
variations, the topography of the anhydrite and limestone is similar. 
In the flanking areas, these formations pitch steeply and extend down 
the flanks of the plug some distance. Near the center of the dome, 
cap was encountered at 574 feet, and salt at 1,101 feet below sea-level. 
In a well on the south flank, a total of 709 feet of cap rock was pene- 
trated, drilling being discontinued in the top of the anhydrite. The 
cross sections, Figures 3, 4, and 5, show the relative positions of the 
cap-rock formations and the characteristic structure of the dome. 

Limestone.—The barren upper part of the cap is composed essen- 
tially of light and dark gray limestone. This material is more or less 
porous and contains much secondary calcite in irregular masses, and 
in veins, vugs, and fissures. Crystals occur in various hexagonal forms, 
with the scalenohedron and rhombohedron predominating; color 
varies from white and colorless to amber. The effects of the forces 
exerted by the rising salt plug, by collapse and recrystallization, are 
well exemplified throughout this portion of the cap. Much of the rock 
is composed of angular and sub-angular fragments of limestone which 
have been cemented by calcite into a typical breccia (Plate 1, Fig. r). 

The carbonate rock below the barren cap is composed of limestone 
similar to that already described, but in addition contains variable 
amounts of native crystalline sulphur. Small amounts of sulphur 
commonly occur in the barren cap, the limits of the sulphur horizon 
being determined by the concentration of values, and not by the 
mere presence of this mineral. The sulphur occurs in irregular veins 
and openings in the rock, in parallel bands alternating with gray 
limestone and calcite, and in places as finely disseminated material 
(Plate 1, Fig. 2, and Plate 2, Fig. 1). Cores have been obtained which 
contained beautiful yellow orthorhombic crystals ranging from 
microscopic size to as much as 1 inch in diameter. Crystal forms con- 
sist of single and double pyramids, and brachydome and base in 
combination. The breccia structure, so common in the barren cap, is 
also present in the sulphur zone, sulphur and calcite being the cement- 
ing material. In depth, however, the breccia is commonly replaced 
by ore containing limestone and secondary calcite and sulphur in 
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PLATE 1 


Fic. 1.—Typical limestone breccia from upper part of cap rock. C, calcite cement. 
L, gray limestone. Note corroded outlines of gray fragments due to replacement by 
calcite. Core from Hoskins Mound. Magnification 0.47 X. 

Fic. 2.—Massive crystalline sulphur veined with calcite. C, calcite. S, sulphur. 
‘ End view of core from Hoskins Mound. Magnification 0.78 X. 
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PLATE 2 


Fic. 1.—Typically banded sulphur ore. S, sulphur. L, gray limestone. Core from 
Hoskins Mound. Magnification 0.58 X. 

Fic. 2.—Coarse-grained finely banded anhydrite. Banding is the result of shearing 
caused by movement along parallel planes. Core from Hoskins Mound. Magnification 
0.34X. 
Fic. 3.—Polished section of core of banded anhydrite. Light-colored bands and 
fragments are the result of mashing and drag during movement. White anhydrite has 
finer texture than the darker, less altered material. White spots in right end of core 
were caused by striking with hammer. Sample from Hoskins Mound. Magnification 
0.36X. 
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parallel bands. These bands vary from mere streaks to 1 inch or more 
in thickness, and dip between 20° and 60° (Plate 2, Fig. 1). Of the 
remaining non-metallic minerals found in the carbonate cap, celestite 
is probably more widespread than any other. It occurs as colorless, 
tabular orthorhombic crystals in openings in the rock, as white, 
finely crystalline material, and often disseminated throughout the 
carbonate and sulphur. Cores taken from the barren cap and sulphur 
zone have been estimated to contain as much as 50 per cent of this 
mineral. This occurrence is unusual, however, and in the aggregate 
would probably not amount to much more than 1 per cent of the 
total gangue. Barite occurs with the celestite, but in such small 
quantity that a spectroscopic test is usually necessary to determine 
its presence. 

Wolf® has described the cap rock and occurrence of sulphur at 
Big Hill, Matagorda County, Texas, and Kelly* has described the 
sulphur deposit of the Sulphur salt dome in Calcasieu Parish, Louisi- 
ana. These descriptions show a gradual transition zone from the 
sulphur-bearing limestone to the anhydrite. Quoting Wolf: 


The sulphur zone merges into the anhydrite, some residual anhydrite being 
found in the limestone and sulphur zone, the percentage of calcium sulphate 
increasing with greater depth while calcium carbonate and sulphur decrease, 
until anhydrite with only minute crystals of sulphur and microscopic par- 
ticles of lime is found. 


At Hoskins Mound, this transition zone is not generally pronounced, 
the sulphur zone usually extending down to, or within a few feet of, 
the top of the anhydrite. However, petrographic studies of the cap 
by Brown’ indicate that a transition zone has been well defined in 
some areas, also that anhydrite has been replaced by calcium carbon- 
ate and sulphur. 

Anhydrite.—A large body of dark gray massive anhydrite occurs 
between the limestone and the salt, completely covering the top of 
the plug and extending down the flanks some distance. Gypsum is 
found in the top of the anhydrite on top of the dome, but is practically 
lacking in the flanking areas. As compared with the carbonate cap, the 
anhydrite is practically devoid of porosity. A small amount of calcite 
and sulphur occurs in the upper part, but decreases rapidly in depth. 
Celestite is found in isolated patches, usually in amounts sufficiently 

3 Albert G. Wolf, “Big Hill Salt;Dome,’’ Geology of Salt Dome Oil Fields (Amer, 
Assoc. Petrol. Geol., 1926), pp. 691-717. 


4P. K. Kelly, “The Sulphur Salt Dome, Louisiana,’’ Geology of Salt Dome Oil 
Fields (ibid., 1926), pp. 452-68. 


5 Levi S. Brown, private report to Freeport Sulphur Company (1930). 
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small to require a microscopic examination or spectroscopic test to 
determine its presence. 

One of the most striking features commonly found in the anhydrite 
is the occurence of pronounced banding. Brown® concludes, from his 
petrographic studies of the cap, that this banding is due to mashing 
and comminution of the anhydrite along planes of weakness. He at- 
tributes the force causing shearing and flowage to thrust of the salt 
plug. These bands dip between 20° and 60°, and consist essentially of 
alternating light and dark anhydrite. However, the occurrence of 
pyrite along shear planes results in many black striations which give 
the rock a banded appearance. Another indication of profound move- 
ment in the cap is the presence of slickensides found on fracture faces 
paralleling the banding. Figures 2 and 3 of Plate 2 show typical 
banded anhydrite from Hoskins Mound. 

Miscellaneous minerals in cap rock.—In addition to the minerals 
described in preceding paragraphs, there are other minerals in rela- 
tively small amounts in the cap-rock series. 

Pyrite, of the metallic minerals, is the most pronounced in occur- 
rence, being found from the top of the barren cap to the deepest 
anhydrite sampled. 

Small specks of galena, usually associated with pyrite, have been 
noted in the limestone and anhydrite. 

A core from the sulphur zone contained a small amount of dark 
red crystalline material which, on analysis, showed the following con- 
stituents: manganese, 44.74 per cent; sulphur, 50.30 per cent; impuri- 
ties, 4.96 per cent. These percentages indicate the presence of the 
manganese sulphide mineral hauerite. 

Quartz, as minute doubly terminated hexagonal prisms, occurs in 
both the carbonate and sulphate caps. 

Dolomite has been noted by Brown in isolated areas in the an- 
hydrite. 


UNCONSOLIDATED SEDIMENTS 


The unconsolidated sediments above the cap consist essentially of 
marls, sands, and clays. With the exception of four beds, these sedi- 
ments do not seem to follow any orderly sequence of deposition. The 
clay and sand strata immediately below the surface extend through- 
out the dome area. A stratum of pack sand of variable thickness oc- 
curs between depths of 400 and 800 feet. Overlying the cap is a bed 
of gumbo of variable thickness. Beds of rock from 1 to 4o feet in 


® LeviS. Brown, “Cap Rock Petrography,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 15, 
No. 5 (1931), pp. 509-30. 
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thickness occur in the unconsolidated material. Rock, in the driller’s 
terminology, usually means sandstone, limestone, or highly fossilifer- 
ous material which has been cemented into a hard mass. These beds 
of rock, similar in occurrence to much of the unconsolidated strata, 
do not extend laterally any appreciable distance. However, it seems 
that they increase in number and thickness as the cap rock is ap- 
proached. 

Between 1920 and 1923, some paleontological work was done on 
samples from ten wells. Most of the samples were cuttings or bit 
samples, and were not continuous. In the light of present paleonto- 
logical knowledge, nothing definite has been determined in regard to 
the age of the sediments and amount of uplift resulting from thrust 
of the salt plug. According to M. M. Kornfeld,’ who made a study 
of the paleontological reports of wells at Hoskins Mound, the various 
strata encountered range in age from above the restricted post-Dis- 
corbis (so-called Middle Oligocene) sediments to the Recent. Korn- 
feld is inclined to discount the appearances of many previously re- 
corded so-called Oligocene Foraminifera in a few of the wells, believ- 
ing these are down-dip post-Discorbis descendants of the underlying 
faunas of the Discorbis-Heterostegina-M arginulina section. 

The following tabulation has been taken from a paleontological 
report on the Freeport Sulphur Company’s well No. 18, and shows 
the fossils found above the cap rock at Hoskins Mound. The original 
report, which was made by L. L. Lane, has been briefed by the 
writer. Lithologic rearrangement is by M. M. Kornfeld. 


FREEPORT SULPHUR COMPANY’S WELL NO. 18 HOSKINS MOUND 
Depth 


in Feet Sample Description of Material and Fossils Identified 
680 Core Clay, slightly calcareous, greenish gray (WS). Shell frag- 
ments. No forams 
735 Core Clay, calcareous, greenish gray, with brownish streaks (WS). 
Very similar to 680, but the shell fragments are more 
abundant 
838 Core Clay, green, with a fragment of Rangia cuneata (WS). 
No forams 
972 Core Sand, moderately coarse (WS). A fragment of a Chione shell. 
Rotalia beccarii (cast) rare 
1,155 Core Clay, light green, with dark green streaks (WS). Polysto- 
mella sp. (rare) 
1,255 Core Clay, green, flecked with white calcareous material (WS). 


Rotalia beccarii. Polystomella sp. 


7 Personal communication, 
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ORIGIN OF DOME 


Since the discovery of oil in commercial quantities on the Spindle- 
top dome, and the subsequent development of many large salt-dome 
oil fields, in the Gulf Coast region of Texas and Louisana, an intensive 
study of these structures has been made by many geologists, paleon- 
tologists, geophysicists, and engineers. Even before the Spindletop 
discovery, considerable had been written about the origin and struc- 
ture of American salt domes. A great deal of the older literature dealt 
with the structures comprising what are now known as the Five 
Islands in Iberia Parish and St. Mary Parish, Louisiana. No attempt 
will be made here to enumerate the early theories advanced from 
time to time; suffice it to say that many of them were erroneous and 
based on insufficient information. 

Rogers,* in his comprehensive presentation of the intrusive origin 
of Gulf Coast salt domes, was the first adequately to cover the in- 
trusive theory as held by most geologists at this time. Since Rogers’ 
paper, many new domes have been discovered and much additional 
information secured, relative to salt-dome origin. It is assumed that 
the reader is acquainted with at least some of the voluminous litera- 
ture dealing with this subject since that time, and as a discussion of 
origin at this writing would, of necessity, be more or less of a repeti- 
tion, it is being omitted. Excellent papers dealing with this subject 
have been written in recent years by DeGolyer,® Barton,’® Powers," 
and others, reference to which is herein given. 


AGE OF DOME 


Due to lack of deep drilling and meager paleontological evidence, 
very little can be said with regard to the age of the Hoskins Mound 
dome. Evidence of uplift during Pleistocene, and probably Recent 
time, is shown by the occurrence of Beaumont clays on top of the 
dome, about 20 feet above the surrounding prairie. By inference 
drawn from information available on similar piercement-type domes 
in this area, Stratton Ridge and West Columbia, it may be said that 
much of the Tertiary strata of Hoskins Mound was probably sub- 
jected to considerable uplift. However, it is well to bear in mind that 
salt structures in the Gulf Coast have been subjected to various 

5 G. Sherburne Rogers, “Intrusive Origin of the Gulf Coast Salt Domes,” Econ. 
Geol., Vol. 13, No. 6 (September, 1918), pp. 447-85. 


® E. DeGolyer, “Origin of North American Salt Domes,” Geology of Salt Dome Oil 
Fields (Amer. Assoc. Petrol. Geol., 1926), pp. 1-44, includes discussions by others. 


10 Donald C. Barton, “The American Salt-Dome Problems in the Light of the 
Roumanian and German Salt Domes,”’ ibid., pp. 167-208. 


11 Sidney Powers, “Interior Salt Domes of Texas,”’ ibid., p. 218 


Nes 
F 
7 
« 
4 


HOSKINS MOUND SALT DOME, TEXAS 171 


cycles of movement, and that the structural history of one dome does 
not necessarily represent conditions existing at all domes during 
formation. 


ORIGIN OF CAP ROCK 


A discussion of the origin of the cap rock necessarily depends on 
the origin ascribed to the dome as a whole. The intrusive origin of 
salt domes is now almost universally accepted, but various theories 
exist to-day regarding the origin of the cap rock. The following is a 
brief restatement of the major theories of cap-rock origin based on 
the intrusion of salt from unknown depths. 1. The cap was primary 
sedimentary material deposited from sea water upon a bed of salt 
before, and probably during, inception of salt movement. When salt 
thrust started, the cap was torn from its bed and pushed ahead of 
the salt to its present position. 1a. The original cap consisted only of 
anhydrite, which was pushed ahead of the salt. 2. The anhydrite and 
calcite first occurred as more or less individual crystals and layers 
throughout the salt. As the salt.mass pushed upward, circulating 
meteoric waters were encountered which took the salt into solution 
and left the anhydrite and limestone behind as a residual mass. 3. 
Formation of the cap resulted from precipitation of mineral salts in 
circulating meteoric waters. 4. The anhydrite was derived from lime- 
stone through the action of sulphureted waters. 5. The limestone 
(calcite cap) formed as a result of the reduction of calcium sulphate. 

A discussion of the origin of salt-dome cap rock is not intended 
in this paper. Papers by Goldman,” Brown," and Hanna," are ex- 
cellent publications dealing with this subject, and it is with this 
thought in mind, that these references are offered. Before leaving this 
subject, however, a few additional observational data pertaining to 
the Hoskins Mound cap will be mentioned. 

Beds of gumbo varying from 5 to 60 feet in thickness occur in 
certain areas of the cap rock. In one area on the west flank, a bed of 
gumbo approximately 40 feet thick divides the sulphur-bearing rock 
into two zones. Quartz sand has also been noted in the cap, especially 
in the north-flanking area. In some instances, this siliceous material 
occurs throughout the lower half of the sulphur zone, also being 
found in intimate association with the anhydrite extending a few 


2 Marcus I. Goldman, “Petrography of Salt Dome Cap Rock,”’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 9, No. 1 (1925), pp. 42-78. 

13 Levi S. Brown, “Cap Rock Petrography,”’ ibid., Vol. 15, No. 5 (1931), PP. 509- 
30. 

4 Marcus A. Hanna, “Geology of the Gulf Coast Salt Domes,’’ Problems of Pe- 
troleym Geology (Amer. Assoc. Petrol. Geol., 1934), pp. 629-78. 
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feet below the contact. No fossils have been reported in connection 
with these sandy phases. Microscopic examinations of the gumbo 
and sand-bearing cap have not been made, however, and it is possible 
that future investigations along this line might throw some light on 
the cap-rock question. It seems probable that much of this sedi- 
mentary material reached its present position as a result of solution 
of the underlying salt followed by collapse of the cap, and consequent 
infiltration through the broken rock. Evidence of this is the irregu- 
larity of the top of the cap shown in Figure 4, and the intense breccia- 
tion of the rock (Plate 1, Fig. 1). However,upthrust of the salt plug 
undoubtedly caused considerable brecciation also. 


ORIGIN OF SULPHUR 


Sulphur occurs in many volcanic regions of the world as a sub- 
limate resulting from the reaction between sulphur dioxide and hy- 
drogen sulphide, and as a precipitate from solfataric spring waters. 
Sulphur deposits are also found in close association with beds of lime- 
stone, gypsum, and anhydrite. The large deposits of the Gulf Coast 
region of Texas and Louisiana, and those of Sicily are in the latter 
class. 

Considerable has been written about these deposits, and different 
theories advanced as to their origin. It is now generally accepted that 
the whole problem is based on the origin of the hydrogen sulphide, 
and that sulphur is formed from the reaction of the latter compound 
and oxygen, or other compounds present in the formations. 

Probably the most widely discussed theory is the reduction of 
sulphates through the action of organic matter. Naturally, the organic 
matter which first comes to mind is the group of petroleum hydrocar- 
bons commonly associated with these deposits. However, some in- 
vestigators hold the opinion that the reduction of sulphates is caused 
by living micro-organisms, anaerobic bacteria, and not by inanimate 
organic matter. 

Published results of experiments by Cadman," Hofman and Mos- 
towitsch,'*and others show that the reduction of sulphates by methane 
and carbon has been obtained in the laboratory. Apparently these 
experiments were carried out under relatively high temperatures, i.e., 
temperatures between 700° and 1,000° C. There is practically no evi- 

% W. H. Cadman, “The Origin of Hydrogen Sulphide in Persian Natural Gas and 
a Method of Preparing Unsaturated Hydrocarbons,” Jour. Inst. Petrol. Tech. (London, 
England), Vol. 11 (1925), pp. 487-89. 


16 H. O. Hofman and W. Mostowitsch, “The Reduction of Calcium Sulphate by 
Carbon Monoxide and Carbon, and the Oxidation of Calcium Sulphide,’”’ Trans. 
A.I.M.E., Vol. 41 (1910), pp. 763-85. 
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dence to support the assumption that such temperatures obtained 
during formation of the Gulf Coast sulphur deposits. All laboratory 
investigations to date indicate that inanimate organic matter will not 
react with sulphates and produce hydrogen sulphide, carbonates, etc., 
at moderate temperatures. 

Reduction of sulphates by bacteria has been recognized and in- 
vestigated by scientists as far back as 1877. In 1895, Murray and 
Irvine’ reported the results of their studies of samples of sea water 
associated with blue muds of the ocean bottom. 

Similar investigations along this line have been carried out by 
Bastin'® in recent years. His studies included oil-field waters from 
Illinois and California. 

The results of the experiments by these investigators show conclu- 
sively that at ordinary temperatures living organic matter, bacterium, 
reduces sulphates to form alkali or earth sulphides; and these are sub- 
sequently decomposed by carbonic acid to form sulphur or other 
sulphides, and carbonates. 

So far as the writer is aware, definite evidence of reduction of 
sulphate cap rock by bacteria has not been developed to date. 

Regardless of the different chemical processes which may have 
been operative during formation of the sulphur, it seems that the 
relationships and intimate association of calcium carbonate, sulphur, 
sulphides, and calcium sulphate in the Gulf Coast deposits strongly 
imply the derivation of sulphur through destruction of the calcium 
sulphate cap rock. 


SAMPLING 


The primary object in sampling a sulphur-bearing formation is 
to secure a representative sample of the material penetrated by the 
drill bit. The best method known to accomplish this is the “‘reverse re- 
turn flow with air.’’ This method was devised by Spencer C. Browne, 
a mining engineer, while sampling Bryan Heights for the Brazos 
Syndicate in 1911. A brief description of this method follows. 

The well is drilled to cap rock and casing set. The hole is washed 
clean, and approximately 200-250 feet of }-inch galvanized air line 
with left-hand threads is placed inside the drill pipe and suspended 
from a specially designed goose-neck. This line is connected to some 
source of compressed air, and the goose-neck is connected to a drill 


17 Sir John Murray and Robert Irvine, “On the Chemical Changes Which Take 
Place in the Composition of the Sea Water Associated with Blue Muds of the Floor 
of the Oceans,” Trans. Roy. Soc. Edinburgh, Vol. 37 (1895), pp. 481-508. 


18 Edson S. Bastin, ““The Problem of the Natural Reduction of Sulphates,” Bull. 
Amer, Assoc, Petrol. Geol., Vol. 10, No. 12 (1926), pp. 1270-99. 
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hose which carries the cuttings to a splash box. The fish-tail bit which 
is used has a hole in the shank about 1 inch or more in diameter, to 
prevent plugging when large cuttings enter the opening. Sampling 
begins in cap rock, and compressed air at about 1oo-125 pounds 
pressure is introduced inside the drill pipe by means of the air line. 
The water-level in the casing is maintained by natural formation 
water or by water pumped into the casing. As the bit cuts the forma- 
tion, the water and cuttings are drawn through the bit opening, pass 
up the drill pipe and through the goose-neck and hose to the splash 
box. From the splash box the cuttings are discharged upon a 14-mesh 
screen at the head of an inclined flume-divider. The oversize material 
is retained on the screen, while the undersize material passes through 
the screen and down the flume-divider. This undersize portion is 
halved three successive times before leaving the flume. Seven-eighths 
of this part of the sample is thus rejected, and the remaining eighth 
is discharged into a series of settling boxes fitted with baffles to 
prevent loss of any fine float sulphur present. After the finely pulver- 
ized sample has settled out, the water is drained off and the sample 
placed over a stream bath and dried. The coarse cuttings retained 
on the screen are also dried in this manner, to prevent loss of values 
by oxidation. The samples are then weighed and sent to the labora- 
tory for analysis. If formations are broken and caving, it is necessary 
to set a liner before accurate sampling can be accomplished. 

Other methods of sampling are (1) coring, (2) coring and running 
a sand pump, (3) screening cuttings from the drilling fluid when re- 
turns are being maintained. Recent improvements in design of core 
bits have increased the accuracy of sampling by coring; however, the 
friable nature of sulphur always makes it difficult to recover repre- 
sentative cores whenever a high concentration of values is encoun- 
tered. Running a sand pump to clean the hole after a core is taken will 
generally recover much of the formation lost from the core, but it 
may also knock off fragments from the wall of the hole, and thus 
“salt” the sample. Drilling progress is much slower when coring, than 
when sampling by reverse return flow. Sampling by screening cuttings 
from the drilling fluid is not adaptabie to operations in which a high 
degree of accuracy is desired. 


SULPHUR MINING 


Sulphur mining at Hoskins Mound is carried on by the method 
known as the Frasch process. Herman Frasch, a German engineer, 
conceived and patented the ideas embodied in this process during the 
last decade of the ninteenth century. It was first used in exploitation 
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of the sulphur deposit known as Sulphur Mine, located in Calcasieu 
Parish, Louisiana. 

The first attempts at mining sulphur by this method consisted of 
melting the sulphur in place by means of superheated water. The 
water was injected into the formations through a drill hole and the 
melted sulphur was lifted to the surface by means of mechanical 
pumps (sucker rods and working barrel). As mechanical pumping was 
not successful, due to corrosion of equipment and other difficulties, 
Frasch experimented with compressed air as a means of bringing the 
sulphur to the surface. The use of the air lift solved the problem, 
and the Frasch process became a success. 

In order to conduct a large commercial enterprise of this kind 
successfully, it is not only necessary to have a large body of good ore 
with geological conditions favorable for extraction, but also a large 
plant with boilers, heaters, pumps, compressors, and other equip- 
ment. This plant must be favorably located with respect to the ore 
body and a sufficient supply of good water and fuel, if continuous 
mining operations are to be carried on. 

The power plant at Hoskins Mound contains twelve B. & W. 
Stirling-type water-tube boilers of 702 horse-power each. Each unit 
is fired by five front-shot Mettler burners, using natural gas as fuel. 
Four Harrington front-shot steam-atomized oil burners are stand-by 
equipment for each boiler. One turbo-drive Worthington centrifugal 
pump and four Epping-Carpenter steam-driven duplex units force 
water into the boilers. Heaters include three boiler feed units, eight 
high-pressure, and three exhaust mine water units. Sixteen Epping- 
Carpenter duplex steam-driven pumps force water at about 209° F. 
into the high-pressure heaters, where it is mixed with steam from the 
boilers. The temperature of the super-heated water thus obtained is © 
about 347° F. at 115 pounds gage pressure. Seventeen “booster 
pumps’”’ of similar design deliver this water to a manifold or header 
located at a relay station in, or near, the mining area. Operating 
pressures of these pumps vary from 150 to 250 pounds per square 
inch. The plant water is “tempered” with cooler water at the relay, 
so that the temperature of the fluid to the wells will be about 315°- 
320° F. Other pumps deliver water to the low-pressure heaters and 
tempering water to the field. Compressed air, from 100 to 600 pounds 
pressure, is furnished by nine Ingersoll Rand compressors. Three 
General Electric turbo generators furnish electrical power for drilling, 
lighting, water-pump motors, dredging, and shop work. 

The following is a description of the Frasch process of mining 
carried on at Hoskins Mound. 
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A well is drilled to cap rock by means of rotary drilling equipment, 
and ro-inch casing is set. The hole is then drilled through the sulphur 
horizon to anhydrite, where drilling is discontinued. A full string of 
8-inch casing is set, the lower 3 feet of which is perforated with a 
series of holes comprising the strainer. This strainer is set at the 
bottom of the sulphur horizon. Above the strainer is a ring seat to 
support the sulphur line. The joint of pipe above the ring seat is 
perforated also, and constitutes the outlet for hot water discharged 
into the formations. The sulphur line consists of 4-inch galvanized 
pipe extending from the ring seat to the surface. The air line consists 
of 1}-inch galvanized tubing reaching from the surface to within about 
300 feet of the bottom of the sulphur line. This equipment is set 
concentrically and connected at the surface by means of expansion 
joints. Water is first pumped into the well by way of the 4-inch and 
8-inch lines, and enters the formations through both strainer and 
upper perforations. After a number of hours of “‘boosting,” the water 
is cut out of the sulphur line. As the molten sulphur has a specific 
gravity about twice that of water at the existing temperature, it will 
flow to the strainer at the bottom of the well, and rise in the sulphur 
line due to the water pressure. If sufficient sulphur has melted to 
rise and submerge part of the air line, the release of high-pressure air 
will aerate the column of sulphur, thus causing a differential head, 
and the sulphur will flow to the surface. Some wells pump continu- 
ously for long periods of time, while others are intermittent pro- 
ducers. The mixture of sulphur and air flows through a steam-heated 
insulated line to the relay station. Here it enters a cylindrical steel 
tank in which the air and sulphur are separated—the air going out a 
stack and the sulphur passing through an orifice connected to a meter 
which records the flow. The flow discharges into a large concrete 
and iron reservoir heated with steam pipes. A vertical centrifugal 
pump is used to pump the sulphur through an insulated steam-heated 
line to the vats, where it rapidly solidifies. 

The vats in which the sulphur is stored are located outside of the 
mining area. They are usually rectangular in shape and of light wood 
construction. Sizes vary, but the width never exceeds 200 feet and the 
height about 50 feet. More than 600,000 long tons of sulphur have 
been stored in one vat at Hoskins Mound. When ready for shipping, 
the vat is pulled down and a series of vertical holes drilled from the 
top of the sulphur to within a few feet of the surface of the ground. 
These holes are loaded with black blasting powder, and fired by an 
electric firing device. The broken sulphur is then loaded into railroad 
cars for shipment. Loading equipment consists of two 25-ton capacity 
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locomotive-type cranes and one Ottumwa box-car loader. Facilities 
for loading from cars to ocean-going vessels are maintained at Free- 
port harbor. 

Most of the water pumped into the formations is confined in the 
cap rock, and as the heat content of the water is given up in the 
process of melting sulphur, it becomes necessary to remove this cool 
water to make room for more hot water. To accomplish this, ‘‘bleed 
wells” are located on the lower contours, and the waste water is 
drawn off through these wells. 

As sulphur is withdrawn, the limestone naturally becomes more 
porous and cavernous. Finally, the rock is unable to support the 
weight of the overlying formations and begins to break down and 
subside. This is very desirable, as it results in sealing off the mined 
areas and confines the hot water to the minable portion of the cap. 
In some areas, subsidence has not been entirely effective in preventing 
the escape of hot water. In order to eliminate this undesirable feature, 
a rather unusual method in sulphur-mining is employed. Whenever a 
well is drilled, in which porous and cavernous formations are pene- 
trated, an attempt is made to inject lump mud into the formations 
and plug these possible channels of escape. The equipment used in 
‘‘mudding operations”’ includes a suction dredge with a large rotary 
cutter, a battery of centrifugal pumps, cone-mixer, and mud choppers. 
The material used is the surface clay, which is pumped to the well 
through a 6-inch cast-iron line. The application of this method in 
plugging formations has resulted in increased tonnage per well and 
higher thermal efficiency. 

OIL 


It has been estimated from available records that the total amount 
of oil produced from Hoskins Mound did not exceed 500,000 barrels. 
Undoubtedly, some oil could still be obtained from the super-cap 
sediments, but past experience has indicated that production possi- 
bilities are limited here, and not commensurate with costs of drilling, 
pumping, and transportation. 

Due to lack of drilling, practically nothing is known of the oil 
possibilities of the lateral beds abutting the dome. That such struc- 
tures are potential reservoirs for the accumulation of oil and gas is 
well exemplified in the many large oil fields throughout the Gulf 
Coast. 
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LATE RECENT HISTORY OF COTE BLANCHE SALT 
DOME, ST. MARY PARISH, LOUISIANA! 


DONALD C. BARTON? 
Houston, Texas 


ABSTRACT 


One of the clearest examples of solution of the salt in the Gulf Coast is given in the 
late Recent history of Céte Blanche. Prior to the uplift of the present topographic 
mound, solution (of two salt spines?) produced two deep sink-holes, in which great 
thickness of late Recent alluvium accumulated. One of the sink-holes was uplifted to 
form the crest of the present topographic mound and shows no effects of subsequent 
solution. The activity of solution under the other sink-hole continued after the uplift of 
the present topographic mound, possibly to the present. Formation of residual cap rock 
is not recognized, but is not precluded. 


INTRODUCTION 


The known data on Céte Blanche were summarized in 1924 by 
Vaughan.* He did not attempt, however, the unpromising task of 
plotting the sections across the dome through the shallow prospect 
wells and missed interesting data regarding presumable solution of the 
salt.® 

Céte Blanche is a salt-dome mound, which rises approximately too 
feet above the coastal marsh. The “‘island”’ is sub-circular, 1.8 by 1.3 
miles in diameter, with the greater elongation north-northwest and 
south-southeast. The underlying salt core rises to a maximum eleva- 
tion of —350 feet below sea-level, in the area midway between the 
crest (and center) of the mound and the west flank of the salt core. 
Cap rock has not been reported and is known not to be present over 
much of the dome. 

SOLUTION AT COTE BLANCHE 

Read Lake in the southern part of the “island’”’ occupies a modern 

sink-hole. The radial divergence of the gradient in a series of torsion- 


1 Manuscript received, December 20, 1935. 
? Humble Oil and Refining Company. 


3 F. E. Vaughan, “The Five Islands, Louisiana,” in Geology of Salt Dome Oil Fields 


(Amer. Assoc. Petrol. Geol., 1926), pp. 380-83. 


‘4H. V. Howe and C. K. Moresi, “Geology of Iberia Parish,’’ Louisiana Dept. 
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, “Geology of Lafayette and St. Martin Parishes,”’ ibid., Bull. 3 (1933), for 
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5 For an account of solution on another one of the Five Islands see: Lawrence 
O’Donnell, ‘‘Jefierson Island Salt Dome, Iberia Parish, Louisiana,’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 19, No. 11 (November, 1935), pp. 1602-44. 
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balance observations 150-300 feet back from the eastern and southern 
shores indicates the presence of a deep basin of light alluvium under 
the lake. The linear mound on the west side of the lake suggests that 
originally a higher, larger mound may have been present, extending 
across the lake and having its crest at some point above the lake, and 
that slumping of the subsurface replaced the mound with the present 
topographic depression. 

The formation of two sharp, deep local sink-holes during late Re- 
cent time is indicated by the thickening of the surficial clay layer 
which covers the dome (Figs. 1, 2, and 3). That clay layer is 20-30 
feet thick over the outer third of the area of the “‘island”’ but thickens 
to a maximum of 350+ feet near the center of the “island,” approxi- 
mately under the crest of the present topographic mound; and to a 
second maximum of 250+ feet a short distance northeast of the north 
end of Read Lake. The correlation on which the form of that surficial 
clay layer depends, in the sections of Figure 1 and Figure 2 and in the 
map of Figure 3, is based wholly on the drillers’ logs but looks reason- 
bly probable. The large, radially divergent gradient values which were 
measured in a torsion-balance survey indicate the presence of a sharp 
depression full of very light material and corroborate the presence of 
the two sink-holes. 

The low specific gravity which must be assigned to the alluvial fill 
in the depressions strongly suggests very young alluvium. The spe- 
cific gravity of the underlying salt presumabiy is 2.16—2.20. The spe- 
cific gravity of the uppermost few hundred feet of sedimentary beds 
at Céte Blanche is indicated by the results of the torsion-balance sur- 
vey to be much less than that of the salt, and according to the writer’s 
experience should be slightly less than 2.00 for the Céte Blanche area. 
The specific gravity of the alluvial fill is considerably less than that, 
presumably 1.7—1.8; and the fill seems to be very young alluvium. 

The formation of those sink-holes seems to be the effect of local- 
ized solution of 300 or possibly more feet of salt. The maximum thick- 
ening of the upper clay layer is at least 300 feet. But the underlying 
material in well No. J-5 can not be correlated with beds in the adjacent 
wells on the west and may represent sandy fill antedating the clay 
fill. The thickness of that underlying zone of sand, clay, and “boul- 
ders” is 140 feet. The maximum thickness of the fill in the sink-holes, 
therefore, may exceed 450 feet. Solution of an equal or slightly greater 
vertical thickness of salt seems necessary to allow accumulation of 
that thickness of fill in a sink-hole. 

The dissolved salt presumably formed a salt spine. Somewhat simi- 
lar sink-holes have formed as an effect of sulphur mining at Gulf Mine, 
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Big Hill, Matagorda County, Texas, and at the Sulphur dome, Cal- 
casieu Parish, Louisiana; and as an effect of oil production at Sour 
Lake, Hardin County, Texas.® The sink-holes at Gulf Mine and Sul- 
phur are the effects of extraction of large quantities of sulphur and 
possibly also the effect of incidental solution of cap-rock material in 
the circulation of the super-heated mine water. The sink-hole at Sour 
Lake seems to have formed as the effect of differential solution by 
circulation set up by the extraction of oil, gas, and water in the pro- 
duction of oil. The comparability of those artificial conditions with 
the natural conditions at Céte Blanche seems doubtful. Salt spines 
rising many hundred feet above the general level of the salt table are 
present on two of the other Five Islands—Belle Isle’ and Jefferson 
Island.’ 

The former presence of a salt spine is suggested by the absence of 
the heavy gravel bed and the overlying gumbo zone in wells No. J-5 
(Figs. 1 and 2) and No. A-31 (log not given) and the probable absence 
of the overlying thick sand zone in those wells. The failure of those 
beds to extend across the area of the central sink-hole suggests that 
they may have terminated against a salt spine or against upwarped 
beds above it. A salt spine projecting up into the sands and gravels 
at Céte Blanche would be extremely open to solution. The absence of 
differential protection of the salt table by any local mantle of gumbo 
is proved by the sections shown in Figure 1 and Figure 2. Formation 
of the sink-holes by solution of salt spines, therefore, seems likely. 

The late Recent history of Céte Blanche seems to have been as 
follows. The solution which led to the formation of the two sink-holes 
may have started while a low salt-dome mound was present, but the 
accumulation of the 300+ feet of clay fill in the one and the 250+ feet 
in the other took place below the marsh level. In the renewed up- 
thrust which formed the present topographic mound, the central sink- 
hole was uplifted to form its crest. The solution which led to the for- 
mation of the central sink-hole stopped before the upwarping of the 
present topographic mound, for no indication of slumping is shown by 
the topography above that former sink-hole. Read Lake is the result 
of solution which was subsequent to the formation of the present 
topographic mound and which may have continued until the pres- 
ent. That solution may or may not represent continuation of the solu- 


6 E. H. Sellards, “Subsidence in Gulf Coast Plains Salt Domes,” Univ. Texas Bull. 
3001 (1930), pp. 9-36. 

7 Donald C. Barton, “Belle Isle Salt Dome, St. Mary Parish, Louisiana,’”’ Bull. 
Amer. Assoc. Petrol. Geol., Vol. 19, No. 5 (May, 1935), pp. 644-50. 


8 F, E. Vaughan, op. cit. 
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Fic. 3.—Map of Céte Blanche, showing topographic contours; structure contours, referred to sea-level, on 
base of surficial clay layer; and well data. 
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tion which formed the southern of the two sink-holes before the uplift 
of the mound. 
RESIDUAL FORMATION OF CAP 


The available data show that no considerable thickness of cap has 
formed residually from solution of the salt at Céte Blanche during 
Recent time and late pre-Recent time, for no cap rock was logged by 
the many test wells, and only 28 feet of limestone which was logged, 
overlying the salt in C.B. No. 1, might be cap rock. 

The data are inconclusive in regard to the residual formation of a 
few feet of cap in the late Recent solution of those salt spines. Some 
residual accumulation of anhydrite (possibly altered to gypsum) 
would be expected to take place. The salt commonly contain’ 3-10 
per cent of anhydrite. The solution of 350 feet of salt, therefore, should 
leave 10-35 feet of anhydrite. No anhydrite or anhydrite sand was 
logged in any of the wells, but it is doubtful whether the presence of 
anhydrite sand would have been recognized in the drilling. 
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FIELD PHOTOGRAPHY FOR GEOLOGISTS! 


F. T. THWAITES? 
Madison, Wisconsin 


ABSTRACT 


Many, if not most, geologists, use photography in their field work but, as they have 
many other duties, they can not use the heavy equipment commonly used by profes- 
sional photographers. This paper presents some of the basic principles of photography, 
the materials commonly used in the field, apparatus adapted to the needs of geologists, 
and some hints on proper practice in taking photographs. Particular attention is given 
to the use of filters, which are essential to successful work on both distant landscapes 
and the details of rock exposures. The blurring effect of haze and dust may be mini- 
mized by using only the color with the longest wave length to which the film is sensitive. 
The narrower the range in colors used, the greater the sharpness of the picture. To se- 
cure details in pictures of rocks a filter of the same color should be used. The mottoes 
of the field photographer must be “Always be careful’ and “‘Practice makes perfect.” 


INTRODUCTION 


Geologists make use of photography mainly to illustrate field 
notes and reports. They are interested in obtaining clear pictures 
rather than artistic effects. As they have many other duties to perform 
in the field, photography can rarely be predominant in their thoughts 
or can its needs shape their course of work. Although they should by 
all means endeavor to become experts, it is obviously impossible for 
them to use the heavy and bulky equipment which is employed by 
professional photographers. They must learn to adapt the light and 
handy photographic apparatus which is manufactured for the tourist 
to the high standard made necessary by their needs. The following is 
intended to aid in learning the requisite technique. The suggestions 
are based upon the personal experience of eight field seasons as well as 
upon suggestions supplied by manufacturers, professional photog- 
raphers, and others. Every effort has been made to avoid a technical 
discussion and to confine this paper to practical hints. Technical 
terms are italicised where first used. 


PRINCIPLES 
Basic principles —Photography depends upon the chemical action 
of light on halogen compounds of silver. The silver compound must 
be kept in the dark until it is desired to record an image. After expo- 
sure proper chemical treatment changes the affected substance to 
metallic silver and thus makes a permanent image. 


1 Manuscript received, December 18, 1935. 
R.F.D. 4. 
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Light and color.—Light is commonly regarded as a wave motion 
in a hypothetical medium called “ether.”’ Sunlight consists of many 
different wave lengths. When sunlight is passed through a prism, its 
component colors are revealed as a spectrum. In order of increasing 
wave length the visible spectrum ranges from violet through blue, 
green, yellow, to red. There are also waves in sunlight which can not 
be seen by the eye; those shorter than violet are called ultra-violet 
and those longer than red infra-red. The color of objects illuminated 
by daylight is due to absorption of certain portions of the spectrum 
as here shown. This absorbed part is termed the complementary color. 


Reflected Color Absorbed or Complementary Color 
Black All 
Red Blue and green 
Yellow Blue 
Green Blue and red 
Blue-green Red 
Blue Green and red 
Purple Green 
White None 
MATERIALS 


Films and plates—The silver compounds for recording of images 
are mixed with gelatin in an emulsion and spread upon both glass 
plates and transparent flexible films. As both weight and fragility com- 
bine to make plates of little use to geologists, the following discussion 
is confined to films. 

Sensitivity to light—Photography in natural color is possible at 
present only upon special plates or moving picture films. Such photo- 
graphs are not cheaply copied and are for that reason seldom used by 
geologists. All other photographs are compelled to render colors by 
differences in shade of brightness. The natural sensitivity to light of 
silver compounds and of the eye differ greatly. The eye sees colors 
near the middle of the visible spectrum, yellow and green, the bright- 
est. On the other hand, the chemical activity of light is greatest at the 
violet-blue end of the spectrum. Therefore, unless means are employed 
to counteract this inequality, photographs do not record different 
colors in correct tones. 

Kinds of films.—By placing certain dyes in the photographic 
emulsion, the sensitivity of films may be changed. Figure 1 gives 
curves of relative sensitivity of several commercial films to different 
colors. All curves have been drawn to exclude the shorter ultra-violet 
rays which do not penetrate glass. Colors to which a given film is not 
sensitive are all recorded as black in the prints, and those to which it is 
most sensitive as white. With “ordinary” films, such as were alone 
supplied to amateurs a few years ago, blue is recorded almost the same 
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as white, and yellow, orange, and red are all shown as black. Ortho- 
chromatic films are now common and are sensitive not only to violet 
and blue, but also somewhat to green and yellow. They render blue 
too light, but orange and red register as black. Superorthochromatic 
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Fic. 1.—Sensitiveness of different films to aM. Note that all kinds of films 
except superpanchromatic show peak of sensitivity in blue; in superpanchromatic there 
is another and larger peak in red. Vertical lines show effect of different filters each of 
which cuts out colors at left of line. Line of exclusion is, however, not as sharp in prac- 
tice as diagram indicates. When photograph is taken with one of these filters, required 
exposure is proportional to area below curve at right of vertical line. W-G= Wratten 

; W-F = Wratten F; W-88= Wratten No. 88; A-5 = Agfa No. 5; A-42= Agfa No. 42. 
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films are sensitive to all colors except red. Panchromatic films are 
sensitive to the entire visible spectrum but most of them have a peak 
of sensitivity in the blue. Recently superpanchromatic film has been 
introduced which has the peak of the curve in the red and even 
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extends slightly into the infra-red. The “infra D” motion-picture film 
(not shown) is sensitive to green and infra-red only. 
Grain.—Examination with an ordinary hand lens of any developed 
photographic negative shows that the particles of metallic silver form 
a distinct grain. Films differ greatly in the size of these grains, partly 
because of differences in manufacture, but largely because of varying 
methods of development. The finer the grain the greater the amount 
of detail which can be recorded. Fine grain in the negative is of vital 
importance when it is desired to enlarge pictures. Grain is also impor- 
tant in prints. Papers with a glossy surface show most detail, as the 
emulsion was placed on a smooth surface instead of a rough one. 
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DENSITY 


OPACITY 
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2 4 6 16 32 64 126 256 Si2 10242048 
CORRECT 

RELATIVE EXPOSURE 
Fic. 2.—Relation between exposure and effect on film. Effect of exposure may be 

measured either as opacity, or as density. Density is proportional to multiples of opacity. 
Note scale of exposure is also one of multiples (logarithmic scale). With exposures less 
than unity no satisfactory effect is procured; this is underexposure part of curve. With 
exposures from 1 to about 128, opacity increases directly with exposure, or density 
increases directly with multiples of unit exposure. This is region of correct exposure. 
If exposure is more than upper.end of straight-line part of curve, effect of overexposure 
may be reversal of effect with correct exposure as shown by descent of curve. 


16 78 174 V2 
UNDER 


Exposure.—Figure 2 shows that for any given illumination of an 
object a certain minimum exposure is required to secure satisfactory 
registration on the film. Note that this curve is platted on a scale of 
multiples. With exposures of more than this minimum, here denoted 
as unity, the degree of registration or density of the negative steadily 
increases; this is denoted by the straight part of the line. If exposure 
is increased above that indicated at the upper end of this straight 
line, the relative degree of density decreases as shown by the descent 
of the curve. 

Latitude of exposure.—The length of the straight-line part of the 
exposure-density curve is denoted the latitude of exposure of a given 
film. In most films at present on the market the maximum satisfac- 
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tory exposure is about 128 times the minimum. However, this figure 
varies widely and depends to a considerable extent on the amount of 
silver compound in the emulsion, although it is also affected by the 
method of development and other factors, including the color of light 
employed in taking the photograph. Some manufacturers have so 
reduced the amount of silver on their films in an effort to permit short 
exposures for the benefit of amateurs that they have reduced the lati- 
tude of exposure to a very marked degree. Manufacturers never re- 
lease data on this subject, and purchasers must find out for themselves 
which films possess this valuable quality to the highest degree. Several 
well known amateur films have double coatings with one very rapid 
and one slow emulsion which somewhat increases the latitude of expo- 
sure. 

Exposure in actual. practice—In actual practice no subject has 
uniform illumination. In fact, most outdoor subjects, particularly 
landscapes, make the best photographs when there is a marked varia- 
tion in illumination between different parts of the picture. If the 
difference in illumination within a view is less than the latitude, it is 
possible to take pictures, all of which will have the same relative 
difference in density throughout a considerable range of exposures. 
In such case a rough approximation of the necessary exposure is all 
that is needed. But if the difference in light is close to, or more than, 
the latitude of the film, then an exposure must be employed which 
will take care of both the darkest and brightest objects. In such cases 
the need of accuracy in finding the requisite exposure is apparent. 
The greatest differences in illumination occur when there is bright 
sunlight and part of the view is in shadow, as well as in views against 
a background of sky, water, or snow. Unless the exposure for one or 
the other extreme of illumination falls beyond one end of the straight- 
line or “correct-exposure”’ part of the curve, variation in exposure 
does not affect anything but the negative, because there are the same 
relative differences in density regardless of length of exposure. 


APPARATUS 


Lenses.—Practically all photography is accomplished by means 
of images formed with the aid of some form of lens. The construction 
of lenses which both (a) make a sharp image over a wide field without 
distortion of form from that of the original, and (b) make all colors 
form images in the same plane, is not simple but need not be here 
discussed. Lenses thus corrected are called anastigmatic and achro- 
matic. The larger the diameter of a lens the shorter the exposure 
needed, but the cost of large lenses increases rapidly with size. 
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Focal length and focus.—As already brought out, a lens forms a 
sharp image of an object in a definite plane at a certain distance from 
the center of the lens. The distance of this plane when the original 
objects are more than roo feet distant is called the focal length. Lenses 
can be made of almost any desired focal length. The relative efficiency 
of photographic lenses is measured by the ratio to the focal length of 
the largest diameter at which they will form a sharp image. This is 
stated by giving the denominator of the fraction “‘diameter of aper- 
ture divided by focal length.” This denominator is commonly given 
after the letter f. Obviously for a given focal length the smaller this 
figure the larger the lens. Moreover, all lenses with a given f value 
require the same exposure with the same type of shutter. As it is 
often desirable to reduce the amount of light passing through a lens, 
a device is almost always supplied to stop down the lens. The more 
(within certain limits) a lens is stopped down, the sharper the result- 
ing image. Even very cheap lenses make good images when cut down 
to a small aperture. With few exceptions the standard apertures are 
so proportioned that each successive larger f value reduces the amount 
of light admitted by one half. This may be checked by squaring the 
f values. Apertures in common use range from f 2.5 to f 45. Images of 
objects less than roo feet distant lie farther back of the lens than the 
focal length and when such objects are focused, the lens must be 
racked out to a greater distance from the film than is required for 
distant scenes. 

Depth of focus ——Whenever a lens is focused upon a certain object 
‘vhich is less than 100 feet distant, it will be noted that some other 
objects, both nearer and farther away, give reasonably sharp images. 
The distance throughout which objects form satisfactory images is 
termed depth of focus. This quality is related to (a) the amount of 
tolerance in sharpness which is least when the photographs are to be 
enlarged, (b) the focal length of the lens, and (c) the particular aper- 
ture which is being used. Figure 3 shows that lenses with a short focal 
length have relatively much greater depth of focus than do long-focus 
lenses. Figure 4 compares this quality between a fairly large camera 
with 6.75 inch focal length and a very small camera with 2-inch focal 
length. It is clear from this information that as any lens is stopped 
down, the depth of focus increases. From this it also follows that small 
cameras have a great advantage over large ones, although this is 
offset by the small size of the pictures. When enlarged, such photo- 
graphs preserve their great depth of focus. 

Cameras.—Every camera must have some device by which the 
image of the object which it is desired to photograph is brought onto 
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the film. One of the oldest and still one of the best devices for this 
purpose is to have a ground glass in the plane where the film will be 
put when the exposure is made. Visual inspection of the image on 
this glass serves not only to focus the lens, but to determine the exact 
limits of the picture. Many small cameras accomplish focusing by 
means of a scale of distances to which the lens is set. This procedure 
involves the determination of distance either by pacing, estimation, 


FOCAL LENGTH 
> 
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DISTANCE OF NEAREST SHARP OBJECT 
100 FOOT FOGUS 
Fic. 3.—Effect of variation in focal length of lenses on distance to nearest sharply 


focused object at different apertures when lens is focused for objects 100 feet or more 
distant. Note advantages of short focal length and of small apertures. 
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Fic. 4.—Depth of focus of two different lenses at different apertures. Vertical 
space between two curved lines indicates distance from camera within which objects 
are in reasonably sharp focus when lens is set for objects at distance shown on lower 
line. Note how this area or depth of focus increases with small apertures and that it is 
always much greater with short-focus than with long-focus lenses. For instance, a 
2-inch lens has almost as great depth of focus at f 18 as the 6.75-inch lens has at f 45. 


or the use of a range-finder. In such cameras the field of view is com- 
monly obtained through an auxiliary lens called the finder which 
shows it on a reduced scale. Many cameras of foreign manufacture 
have a finder which consists of a rectangle of wire which is viewed 
through a peep sight. This device overcomes the errors of other finders 
which are subject not only to changes in the position of the observer’s 
eye but also to lack of any compensation for the reduced angle included 
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in the picture as the lens is racked out. Other foreign cameras use a 
finder with the same size of lens as in the camera. The two lenses are 
focused together. Focusing on a ground glass also has the great ad- 
vantage that by stopping down the lens the aperture for the necessary 
depth of focus can readily be obtained without reference to tables. 
However, it is commonly impossible to see the image when small 
apertures are used. 

Methods of using film.—Films are supplied in several forms: (a) 
roll film, (b) film pack, (c) cut film, and (d) motion-picture film. The 
experience of the writer is that roll film or motion-picture film is the 
easiest to use in the field. However, very few roll-film cameras have 
the ground-glass focusing screen which is so desirable, and all of them 
that do are heavy, bulky, and expensive. Film packs have the serious 
disadvantages that (a) the films are scratched in pulling them around 
a sharp bend when the exposed film is removed to the back, (b) the 
film does not always lie flat, and (c) worst of all, if the pack has been 
dried out either in the desert or in a heated house, the paper tabs pull 
off, leaving a film caught, thus spoiling all the rest of the pack. Off- 
setting these troubles, film packs are used with the ground-glass focus- 
ing screen, make small cameras practicable because the housing 
needed for rolls is absent, and may be taken apart for the developing 
of only a portion of the films. Virtually all kinds of film are now ob- 
tainable either in roll or pack form. Cut film is used in exactly the 
same way as glass plates. The holders, each of which commonly con- 
tains two films, must be loaded either in a dark room, a changing bag, 
or at night. This fact, taken with the bulk and weight of most holders, 
makes cut-film cameras of little use in the field. The amount of time 
involved in making exposures with them is longer than with other 
cameras. Motion-picture film is used in very small cameras. All the 
pictures must be enlarged before use. Such cameras are very conven- 
ient to carry. The disadvantages of miniature cameras include (a) high 
cost, particularly when necessary accessories are included, and (b) the 
expense of prints, particularly when several copies are needed. De- 
spite the fact that many kinds of motion-picture film are superior in 
quality to any other kind of film, the experience of the writer indicates 
that few pictures taken with miniature cameras show the fine detail 
which is essential to photographs which are to be reproduced in 
printed reports. 

Filters.—A filter is a device, generally a thin sheet of gelatin con- 
taining a dye between two sheets of glass, which is placed in the path 
of light of a camera to change the relative amounts of different colors 
of light which enter. Filters are used for two purposes: (a) to change 
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the sensitivity curve of a film to something nearer the sensitivity 
curve of the eye, thus rendering a more nearly correct toning of the 
picture, and (b) to exclude some part or parts of the visible spectrum 
entirely and thus enhance the contrast between objects of different 
colors. Filters of the first class are called orthochromatic or isochromatic 
and of the second class contrast. Most orthochromatic filters subdue 
the violet and blue to counteract the supersensitivity to these colors 
displayed by most films. If a colored object is photographed through 
a filter of its own color, it appears light and markings on it are then 
well defined. But if it is photographed through a filter of its comple- 
mentary color, it is dark and shows no detail. Filters are used both as 
squares which fit in a frame attached to the lens and as discs in metal 
cells which slip over the lens. The latter form is more convenient in 
the field. ‘ 

Hoods.—The light admitted by a lens is in the form of a cone. The 
only useful portion is a pyramid within this cone. The excess light is 
supposed to be absorbed by the black lining of the camera. In short 
exposures the bulk of such light is thus disposed of, but as exposures 
are lengthened the fact becomes apparent that not a small portion of 
this light is reflected and diffused within the camera with bad effects 
on the photograph. Such dispersion causes fogging of the negative 
somewhat similar to the result of a small light leak. Fogging is at its 
worst when the camera is pointed toward the sun. Even if the sun is 
not included in the picture, any direct sunlight which falls on the lens 
is sure to cause fogging. Most photographers shade the lens from 
direct sunlight by casting upon it the shadow of some object outside 
the field of view. This is often awkward to do, and to secure best 
results some form of hood is essential. Most hoods are simply cones 
and do not get rid of dispersion inside the camera since they admit 
more light than is needed. The writer has constructed a box hood 
shown in Figure 5. This is made of aluminum lined with velvet to pre- 
vent reflections. It slips over the filter or over an empty filter cell if 
used without a filter. The size can be calculated from the focal length 
and size of the picture. In using such a hood, care is necessary to get 
it on straight so as not to cast dark shadows along the sides of the 
picture. The box is not hard to carry, for it is used to contain filters 
and other attachments, all of which are enclosed in a canvas bag with 
a “zipper.” 

Exposure meters.—As the determination of correct exposure is the 
most important single step in making a good photograph, some device 
which measures the strength of light is essential. Exposure meters may 
be divided into: (a) photographic meters which measure light inten- 


/ 
i 
| 
| 
- 


FIELD PHOTOGRAPHY FOR GEOLOGISTS 195 


sity by the time required for a sensitized paper to reach a certain color 
when exposed toward the subject, (b) actinometers where the subject 
is examined through a wedge of colored glass which is passed across 
the observer’s vision until detail is just obscured, (c) comparison of 
the brightness of a filament of a flashlight with that of the subject, 
and (d) direct measurement of the strength of light by a photo-elec- 
tric cell. With meters of the first type the paper must be renewed 
frequently and it is difficult to determine the “end point” in some 
lights. The visual type of meter is open to the serious objection that 
the human eye is a very poor standard of comparison. Nature has pro- 


Fic. 5.—Field kit of accessories. A = bag with zipper which contains all apparatus. 
B=small, inexpensive exposure meter of actinometer type. C= filter in metal cell with 
box and cloth for cleaning. D=self timer. E=lens hood designed by writer. 


vided means for stopping down the eye in bright lights and for opening 
it up in faint illumination. Although actinometers have a great range 
and are cheap, their use is difficult and they are far from accurate. 


The readings of a filament type are affected by the condition of the Bd 
battery. The photo-electric type is undoubtedly the most accurate, ae 
but its range is rather small. Both it and the filament type of meter a 


are expensive. 

Other accessories.—Besides the equipment already mentioned, a 
tripod is absolutely essential with almost all cameras. Tripods with is 
angle-form legs are much superior to those of tubular construction. a 
Some kind of Jevel is needed to set up the camera in a truly horizontal 
position. A watch is needed for the determination of long exposures, 
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and a self timer is often very useful, for with it a person working alone 
can get into the picture. Those which operate by clockwork are the 
only kind which is satisfactory. Timers are built into some shutters. 
Some form of waterproof container must be provided for storage of 
films both before and after exposure. The camera must be protected 
not only by the usual case but, if the climate is damp, by an outer 
moisture-proof case. Mailing tubes or boxes for sending in exposed 
films for prompt development are most desirable. Very valuable films 
should be sent by registered first-class mail, as insurance does not 
compensate for time expended in taking the pictures. 


PRACTICE 


General.—The practice of photography requires, first, a thorough 
understanding of the principles involved; second, experience; and last, 
but not least, the fixing of an unvarying habit of work. The best pos- 
sible equipment can not compensate for carelessness in practice. The 
omission of any single step in the process of making an exposure 
inevitably results in failure. 

Choice of equipment.—The writer has been many times consulted 
on what kind of camera to buy for geological field work. His answer 
has been always that there is really no such thing as a “universal 
camera.” The kind of work which is contemplated, the means of 
transportation, the climate, the availability of commercial developing 
service and its quality, and last, but not least, the financial resources 
of the geologist must all be considered. Large cameras, that is, larger 
than post-card size of picture, are almost impossible to use far from 
a car or other means of transport. Where work is done on foot, weight 
must be the determining factor and serious consideration should be 
given to a miniature camera using motion-picture film. In such a case, 
however, the geologist may find himself compelled to do his own 
developing and printing on account of the present difficulty in getting 
satisfactory commercial service in such exacting work. If landscapes 
will predominate over views of near-by objects, roll-film cameras 
with ordinary finders give satisfactory results, but if many close-ups 
are required, some form of more accurate focusing device is essential. 
In such case a film-pack camera may be much more satisfactory. The 
writer advises a camera which will take a picture not less than two 
inches in the shorter dimension. Such a picture is large enough for 
most purposes and can be enlarged if necessary. A camera of this size 
is much cheaper to buy and to operate than is a miniature camera all 
of whose pictures must be enlarged. To secure maximum depth of 
focus all but the smallest cameras require a small aperture which by 
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lengthening the exposure involves the use of a tripod. Modern films, 
have, however, so greatly reduced the time of exposures that there is 
now little reason for buying a lens with a very low f value. The writer 
has for many years found an f 6.3 lens entirely satisfactory. If the 
camera is to be used in hilly country, a rising front is essential to 
photograph objects above the level of the camera without distortion. 
It is of little value, however, unless the camera has a focusing screen 
or wire finder. The hood can not be used with it. Although good pic- 
tures can be made with cheap lenses, in order to secure a good shutter 
with the very desirable half-second or one-second built-in speed, as 
well as satisfactory workmanship in general, it is well to choose a 
camera with a fairly large lens. When weight and cost will permit, a 
camera with a very long bellows so that the focus of the lens may 
be changed for the taking of distant scenes is most desirable. The 
change is made in roll-film cameras by adding an auxiliary lens and 
in others by removing a portion of the lens. Auxiliary lenses for taking 
pictures of near-by objects are also convenient, but are of most value 
when a ground-glass focusing screen is to be used. 

Care of equipment.—Any camera is a delicate piece of mechanism 
and needs protection from damage by blows, weight of other objects, 
dust or dampness. It should be removed from the case only when it is 
to be used immediately, and returned as soon as possible. Lenses and 
filters must be kept clean by moistening slightly and wiping dry with 
clean soft cloth or tissue paper. When the outfit is unpacked to make 
an exposure, articles should not be scattered around, but should be all 
kept together so that nothing will be overlooked in packing up. Filters 
should not be exposed to light except while in actual use as they 
deteriorate in sunlight. The proper care of films has been mentioned. 
They deteriorate rapidly when exposed to moisture, particularly 
when temperatures are high. Moth balls and some other volatile sub- 
stances soon ruin them. 

Selection of subjects for pictures.—At first sight the selection of 
subjects for photographic recording seems easy, but does not prove 
so in actual experience. Proper choice of subjects which will justify 
the expense and delay needed to obtain a photograph can be learned 
only by experience. It is essential to realize that the camera shows 
everything in its field of view and that many a view which seems in- 
structive to the eye may look like merely a fence, a field, or a brush 
patch in the photograph. Many eye impressions are obtained by 
ranging over a far wider angle than is shown in most photographs. 
Views should, therefore, be chosen without turning the head. Most 
landscapes are best taken from some elevated point, but if such can 
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not possibly be secured, the use of the rising front minimizes the fore- 
ground. Landscapes are best photographed on clear sunny days during 
times of high atmospheric pressure, especially if such conditions occur 
soon after a rain. Some landscapes are best with the sun high, but 
others are better shown with the sun low and the shadows thrown 
across the picture rather than directly away from the camera. In 
surveying an area an effort should be made to include photographs 
of the common things and not to confine photographs to unusual 
phenomena. For instance, one can find few pictures of plains, although 
hills are commonly taken. 

Setting up the camera.—Even if instantaneous exposures are to be 
taken, it is best to set up the camera on a tripod. Exposures of 1/25 
second can be ruined by a jar at the moment of opening the shutter. 
Moreover, it is much easier to focus and to find the exact limits of the 
picture when the camera is held stationary. It is very desirable that all 
pictures be taken with the camera level. Airplane photography has, 
however, made oblique views looking down very common and there is 
no objection to taking such. Obliques looking up, however, introduce a 
very undesirable foreshortening and should be avoided. In taking ob- 
liques the transverse axis of the camera must belevel. In reasonably flat 
country a small camera can be levelied by looking both ways across 
the top at the distant horizon. Leveling of a tripod frequently takes 
considerable time, but it is worth the effort. Ball and socket tripod 
heads are apt to cause trouble when the wind is blowing. Wind vibra- 
tion is not all the fault of the tripod, but is set up within any light 
camera. To minimize it, the tripod should be firmly set with legs well 
spread and the camera and tripod shielded by the operator’s body. 
Then sooner or later a slight lull will generally permit at least a half 
second exposure without serious vibration. Some advise weighting 
the tripod by hanging a bag of rocks from straps attached to the legs. 
As geologists are not especially interested in artistic composition of 
views, no remarks on that subject are needed. 

Scale.—All views of near-by objects such as rock exposures should 
contain something which shows the scale. A hammer, notebook, 
shovel, or other tool furnishes a good scale,—or a human figure, some- 
times the photographer himself if he has a self timer, may be included 
in the view. In some pictures fence posts or telephone poles form 
sufficient scale. Coins should not be used in photographs, for taking 
pictures of them is counterfeiting under the law and may cause trouble 
in getting prints from some ultra-careful photographers. 

Choice of aperture.—All lenses, no matter how perfect, make the 
sharpest images and have the greatest depth of focus when stopped 
down considerably below their maximum opening. An aperture suf- 
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ficiently small to get the requisite depth of focus must be chosen. If 
the camera is not equipped with a ground-glass focusing screen, or if 
i the light is such that the effect of stopping down can not be noted on 
this screen, a table of depth of focus must be used (Fig. 4). Such 
tables are given on many foreign cameras. Many cameras must be 

stopped down to at least f 22 to give the best results. 
Exposure——Geologists must take pictures under a wide variety 
| of light conditions because they can not always or even commonly 
choose the time of day or the kind of weather. They must take photo- 
| graphs in bright sunlight, early or late in the day, in dense woods, 
deep down in ravines, sometimes in misty weather or even in the rain. 
| They also go to widely different parts of the world and take photo- 
; graphs at different times of the year. These conditions impose the 
necessity of using some form of exposure meter, for tables, of which 
a multitude are on the market, can not possibly cover their needs. 
The several types of meters have been discussed. The opinion of the 
writer is that the last two forms (electric and photo-electric) are 
probably the most satisfactory. To get consistent results with the 
visual-actinometer type requires closing the eyes before use while the 
photographer counts 50 to 100. This will compensate to some extent 
for variation in sensitivity of the eye and must be done to secure 
satisfactory results in faint lights. The photo-electric meter is pro- 
vided with a mechanical calculator which translates its readings into 
required exposure. With this type of instrument it is often possible 
to approach close to a subject to measure the amount of light coming 
from different parts. An exposure may then be calculated which will 
best fit the range in illumination. If that range exceeds the latitude 
of the film, choice may be made between underexposing the shadows 
or overexposing the high lights. In general the latter procedure is 
preferable, although certain films will not permit overexposure with- 
out serious loss of detail. When it is not possible to approach close to 
a subject, either the photographic or the photo-electric meter may be 
used to measure the average intensity of the light. Actinometers and 
the filament-type meter may also be used to determine the exposure 
required for different parts of the subject, although the results are not 
very accurate on account of light which enters from sources other 
than the one under observation. These difficulties are greatest in 
landscapes where half or more of the view is bright sky and in views 
of objects in shadow where sky forms part of the background. It is 
clear, therefore, that average illumination is not always directly re- 
lated to desirable exposure and that we must consider the type of 

subject also. 

Classes of subjects—Normal scenes consist of subjects where the 
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range of illumination does not exceed the latitude of the film, where 
sky or water is not an important part of the view, and where the prin- 
cipal object is more than 12 feet and less than 500 feet from the cam- 
era. Close-ups may be defined as photographs of objects less than 12 
feet from the camera, although this classification also includes views 
in deep ravines and other similar situations, where the average 
brightness is low, although the range in illumination may be excessive 
and it is necessary to secure detail in the shadows. Distant landscapes 
consist of subjects where the principal objects are more than 500 feet 
from the camera. In such views sky (water or snow are equivalent) 
forms a large part of the area. 

Normal scenes.—Most tables of exposures and actinometer read- 
ings are correct for normal scenes only. Some tables call such views 
“average landscapes.” 

Close-ups.—Close-ups require considerably more exposure for the 
same average light than do normal scenes. This is because (a) such 
objects are commonly rather dark and yet must be shown in more 
detail than if they were farther away, (b) as the lens is racked out 
to secure proper focus the f value is changed in proportion to the 
square of the relative extension, and (c) the shadow of the camera 
and photographer often cuts off some of the light. Actinometers do 
not yield accurate results with close-ups and even with the photo- 
electric meter a different calculation of exposure is generally required, 
one in which the average lighting is placed nearer the upper limit of 
the correct exposure range of the film than would otherwise be neces- 
sary. Lacking such a meter, the following arbitrary rule will generally 
help: compute the exposure you would ordinarily use for the given 
light conditions and then multiply it by the square of the sum of one 
plus the fraction one divided by the distance in yards. That is, objects 
three feet from the camera would be given four times the exposure 
which they would have needed if they had been 100 feet distant. 

Spreading of light—It often happens that the subject is in deep 
shadow and yet it is impossible to exclude bright light from the view. 
This happens where light enters through trees, over the top of a bank 
or ledge, or at the mouth of a cave or tunnel. If the exposure is long 
enough to give the desired detail in the shadows the high lights are 
not only overexposed but light from them spreads over the picture and 
destroys detail (Fig. 6). This trouble can be combated by (a) keeping 
the exposure to a minimum, (b) using a yellow filter as the blue light 
spreads most and should, therefore, be excluded or subdued, and (c) 
if the negatives can be developed individually, more rapid develop- 
ment than normal. But in general all that can be done is to avoid too 


» 
- 
a 
wt 
i 
) 
| 
| 
4 | 
| 
| 
{ 
i 
| 
| | 


FIELD PHOTOGRAPHY FOR GEOLOGISTS 201 


great extremes of light in a single view as far as possible. For instance 
a view of a ledge in shadow with bright sky behind should not include 
the top. 


Fic. 6.—Spilling of light caused by long exposure required for part of subject in 
deep shadow whereas another part was in bright light. This effect may be minimized 
by (a) keeping exposure for shadows at minimum, (b) using yellow filter, and (c) in- 
dividual development; but it is best to avoid such views. 


Distant landscapes.— In taking distant landscapes or views on water 
or snow very much less exposure is required than for normal scenes 
under the same sky illumination. Actinometers do not give accurate 
results with distant landscapes, for the light does not all come from 
the distant ground but in large part from dust and water particles in 


x 
E 
| 
i 
| | : 
= 
A 


202 F. T. THWAITES 


the air. Moreover, the intensly bright sky causes spreading of light 
as discussed in the preceding paragraph. As distant landscapes need 
only differentiate between high lights and shadows, and contrasts in 
illumination in distant objects are slight, the exposure should be kept 
near the underexposure or lower end of the latitude of the film (Fig. 
2). One fourth to one eighth of normal exposure is generally enough. 
Such reduction makes objects in the foreground underexposed, thence 
there is a gradual increase in exposure with distance to correct, and 
in the farthest background the effect of overexposure is still notice- 
able, for there stray light predominates over that from the ground. 
In this connection it should be realized that when haze is considerable 
the average brightness of the sky may be up to four times as much as 
it is on a clear day with no clouds. The subject of landscape photo- 
graphy is further discussed under the use of filters. 

Checking the exposure——As “the proof of the pudding is in the 
eating” the correctness of exposure determination should be checked 
by actual tests. Shutters do not by any means all give the exposures 
they are intended to, and there is a large personal equation in the use 
of actinometers. Even the mechanically accurate photo-electric meter 
requires experience on the part of the user. As a matter of fact, few 
professional photographers use exposure meters or other aids, but 
depend entirely upon experience. However, their work seldom takes 
them into as great a variety of conditions as a geologist must face. 
Figure 7 has been planned to show the variation from the normal expo- 
sure which results from change in season, time of day, and latitude. 
This “normal” is the figure which trial has shown to be correct with 
a given camera and film. Trial exposures should range through a dif- 
ference of several hundred per cent in order to cover the full latitude 
of the film which is to be used. A careful record of these tests should 
be kept and the negatives, not the prints, examined with this in hand. 
Underexposed negatives are thin and lack detail while overexposed 
ones are dull and lack contrast. The exposures which yield the best 
results should then be recorded in the notebook. Many exposure 
tables were computed for old style “orthochromatic” films and do not 
apply to modern films which are sensitive to a much larger proportion 
of the visible spectrum. When the sun is low or it is cloudy, daylight 
is relatively richer in yellow, orange, and red rays than it is at midday. 
In hazy weather violet and blue make up a larger part of the daylight 
than they do in clear sunlight, whereas in cloudy weather these colors 
are subdued. These facts cause an error in the photo-electric meter 
whose peak of sensitivity is in the yellow. The curve of Figure 8 shows 
the difficulty of obtaining correct exposures in faint lights, particu- 
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larly when the light is changing in intensity rapidly as it is near sun- 
down. At such times any measurement may readily be obsolete before 
it can be used. In brighter lights, examination of the shadows will 
suffice to apply the following rule-of-thumb formula (also given on 
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Fic. 7.—Relative exposures for orthochromatic films at different latitudes and 
times. Diagrams are for benefit of those who do not use exposure meters, and are so 
arranged that change in exposure from ‘“‘normal” may be made by using successively 
larger apertures. With panchromatic and superpanchromatic films, belts are somewhat 
farther to right, although not enough to justify drawing separate diagram. N=north 
latitude; S=south latitude, 
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some cameras). Taking the required exposure for the given time of 
day and year in clear weather as “normal,” make the following 
adjustments for other than ordinary sunlight. If there are bright 
white clouds or haze in the sky or the exposure is made near to but 
not on a large body of water or snow (brilliant), halve the normal. If 
there is no haze and the shadows are faint (gray) due to clouds, double 
it. If the sky is thinly overcast so that no shadows are present (dull), 
quadruple it. If the clouds are heavier than above (cloudy), use eight 
or more times the normal. If the exposure is on a large body of water 
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INTENSITY OF LIGHT 


Fic. 8.—Relation between exposure and intensity of light. Every time light is cut 
in half, exposure must be doubled. Curve makes clear the difficulty of estimating ex- 
posures by rule-of-thumb methods when light is very faint. In practice the matter is 
somewhat complicated by changes of relative proportions of different colors in day- 
light, but this may usually be neglected. 


or snow, use from one fourth to one eighth normal. If above 4,500 
feet altitude, halve the normal; for every 1,500 feet above that, halve 
again. The figures given here and in Figure 7 are so arranged that the 
required changes can be made by using different apertures rather 
than by changing the time. Exposures for distant landscapes should 
be estimated from examination of near-by shadows rather than by 
means of any kind of meter, unless the photo-electric type is used 
and even with that the amount of sky included makes a marked 
difference in the reading. Meters should never be used when the light 
is passed through a filter. 
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Comparative speeds of films.—In applying almost all rules for expo- 
sures it is a good idea to have some information as to relative speeds 
of films. The speed of films is affected not only by the method of 
making the emulsion but also by the amount of the spectrum to which 
they are sensitive. The following speeds do not hold in deep shadow 
or very cloudy weather when the relative proportions of the different 
colors of light are different, nor do they apply in artificial light. 

Relative Exposures with Different Films in As Given by the As Given by 

Sunlight Manufacturers Weston Instru- 


ment Company 

Ordinary (older Eastman NC film and Agfa roll film) I I 

Commercial panchromatic cut film 3 } 
Eastman “Verichrome”; Agfa ‘“‘Plenachrome” (su- 
perorthochromatic); Agfa commercial ortho- 

chromatic cut film 3 3 
Eastman supersensitive panchromatic roll film; Agfa 
“superpan”’ roll film; Agfa supersensitive pan- 

chromatic cut film 3 3 


Use of filters —A set of filters is absolutely necessary for successful 
field photography. The geologist needs filters which enhance the 
amount of contrast between different objects shown in the photograph 
rather than those which merely correct the color rendering of the film. 
Modern films do not need nearly so much correction as did the older 
ones and in general render most “normal”’ scenes quite well without 
a filter. A filter is absolutely necessary, however, (a) when it is re- 
quired to bring out the maximum amount of detail in close-ups, or 
(b) to take distant landscapes. The modern films fail to give as good 
results on subjects in mixed sun and shadow as did the old“‘ordinary” 
films. This is because violet and blue are relatively richer in shadows 
than in undiffused sunlight. This defect may be remedied by the use 
of a violet or blue filter (Wratten 35 or C; Agfa 40), which results in 
changing the sensitivity of the film back to something like the old 
ordinary film. In this connection it may be mentioned that most 
persons are accustomed to the soft effect of old style photographs 
which is best noted when the prints are made on rough paper. To 
such persons photographs taken with modern films either with or 
without a filter seem exaggerated and unnatural although as a matter 
of fact such a criticism is unjust. 

Color contrasts—The colors of most rocks do not exhibit much 
contrast. Few of the colors are pure; for instance, many red rocks 
really reflect a great deal of yellow as well. It is, therefore, commonly 
necessary to exaggerate the color differences in a photograph. For 
this reason ordinary orthochromatic filters are not of much use, par- 
ticularly with superorthochromatic and panchromatic films. They 
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lighten the yellows and darken the blues. If blue-gray shale and 
yellowish gray sandstone are in the picture, they may destroy the 
contrast entirely and give poorer results than without a filter. To 
overcome this trouble of lack of contrast with yellow filters a different 


Fic. 9.—Photograph of rock exposure taken with superorthochromatic film and 
yellow filter (Wratten G). Zones A and D are dark yellow-gray, zone B is blue-gray, 
and zone C is light buff. Note that B and C are indistinguishable and that there is little 
detail in shadows. Similar results were obtained with no filter. 


filter must be used. The combination here mentioned is best photo- 
graphed through a blue or violet filter (Wratten C or Agfa No. 40). 
Figures 9 and 10 show the difference in results with yellow and blue 
filters. Greenish gray rocks should be taken through a green filter 
(Wratten B or Agfa No. 41) and red rocks through a red filter (Wrat- 
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ten A or F or Agfa No. 42) if it is desired to make them appear light 
in the picture in order to reveal markings or structure which would 
otherwise have been obscured. In general, a good idea of the effect 
of a filter can be gained by looking at the subject through it. Some- 


Fic. 10.—Photograph of same exposure as Figure 9 taken with superorthochro- 
matic film and blue filter (Wratten C). Note much better contrast between buff and 
blue zones, especially between B and C, and greater amount of detail in shadows. 
times, especially when the colors are not pure, it is advisable to take 
several exposures with different filters. Orthochromatic films should, 
however, be used with an orthochromatic filter most of the time; good 
filters for this purpose are the Wratten K,, Ke, and K; and the Agfa 
No. 0 to No. 4. 

Landscape photography—Landscape photography introduces 
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problems not found in other branches of the art. Even when the air 
appears to the eye to be perfectly clear there is more or less dust, 
water vapor, and smoke in it. When these substances are abundant, 
visibility is impaired. Geologists can not always afford to wait for fa- 
vorable atmospheric conditions to take landscapes and in some locali- 
ties such a wait would be for months if not forever. The air is also 
disturbed by temperature differences, particularly over paved roads, 
railroad tracks, et cetera, but such differences do not extend many feet 
from the ground. The solids in air cause dispersion of the light into 
haze. This effect is greatest in the blue and decreases from that maxi- 
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Fic. 11.—Efficiency of filters and effect of different filters on elimination of light 
from haze. Space at right of and below curve for each filter shows percentage of total 
light which is transmitted and colors which pass. Curves are all for Wratten filters, as 
no data are available for others. Note relation of filter curves to haze curve, which has 
its peak in blue. The larger the area under this curve which is excluded by a filter, the 
less the effect of haze on photograph. Length of exposure with given filter depends not 
only on sensitivity of given film to colors which are transmitted, but also on per cent 
of these colors which filter will pass. C filter is not used for minimizing haze but its 
curve is shown for comparison with haze curve. 


mum with both longer and shorter wave lengths as shown in Figure 11. 
Comparison of this curve with Figure 1 shows that ordinary films had 
their maximum of sensitivity just about at the haze peak; for that rea- 
son they were of little use in the field for landscapes unless conditions 
were very favorable indeed. If a filter which cut out much of the 
shorter wave lengths was used, the exposure became so long that dis- 
persion within the camera commonly spoiled the picture. Figure 11 


| 
\ 
} 
HAZE 
| 
| 


FIELD PHOTOGRAPHY FOR GEOLOGISTS 209 


Fic. 12.—Distant landscape taken with orthochromatic film and no filter with ex- 
posure reduced from “normal.’’ Note underexposure of foreground and poor detail 


in background. 


Fic. 13.—Same landscape as Figure 12 taken with orthochromatic film and yellow 
filter (Wratten G). Note improvement in middle distance which is due in large part 
to intensification of shadows. 


5 
«] 
\ 
‘ 
Fe 
? 
| | 
4 
Wiki. 


210 F. T. THWAITES 


a Fic. 14.—Distant landscape taken with superorthochromatic film and yellow 
filter (Wratten G). Principal advantage of this kind of film over orthochromatic film 
: is reduction in length of exposure. 


4 
al 
"i Fic. 15.—Same landscape as Figure 14 taken with commercial panchromatic cut 
film and red filter (Wratten F). Note improvement over Figure 14 especially in far 
distance. 
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shows the amount of haze light which is removed by several different 
filters. Filters which are intended simply for color correction do not 
exclude enough of the blue to give satisfactory results. Contrast 
filters like the Wratten G or Agfa 5 (yellow) or Wratten F or Agfa 42 
(red) are much more effective. Obviously red filters can only be used 
with panchromatic or superpanchromatic films. On Figure 1 the part 
of the sensitivity curve which is cut out by G or 5 and F or 42 filters is 
indicated. Superpanchromatic film extends slightly into infra red as 
shown by the line for Wratten filter 88 although the writer has not 
checked the practicability of exposures with such a filter. The filters 
recommended above give clear pictures which lack that ‘“‘atmosphere”’ 
effect in the distance which is so much desired by the artistic photog- 
raphers but which is so much detested by geologists. Figures 12, 13, 
14, and 15 indicate results obtained with filters. All were taken in 
reasonably clear weather. Although photographs may be taken 
through considerable haze and mist, it is not always possible to do 
much more than to push back the veil for some miles. Little or no 
result can be obtained unless the high lights of the landscape are vis- 
ible to the unaided eye. It is true that the use of filters which exclude 
at least all the blue and violet has certain undesirable results. As they 
commonly entail long exposures, near-by waving branches, moving 
cattle, et cetera, all injure the picture. The effect of wind vibration is 
also pronounced under these circumstances and a slight light leak in 
the camera which is not easily detected by ordinary tests may ruin 
the pictures. Water surfaces photograph black unless light is reflected 
from them. Objects in the foreground show exaggerated differences 
giving a harsh or even ghastly effect. The shadows are almost black 
and leaves which reflect the light appear as if covered with snow. In 
the distance, however, such exaggeration or over-correction as it is 
called, is desirable, for distant objects commonly lack contrast. If 
much foreground is included, a red filter should not be used unless 
absolutely necessary. In the desert tne Wratten 88 filter has been 
used by some geologists in connection with special glass plates or 
infra~-D motion-picture film; on the other hand, these so-called 
“strong” filters produce wonderful cloud effects which add much to 
the picture. The longer the wave-length used, the darker the sky; 
with infra-red light only, it is black. In general, the narrower the 
band of wave-lengths used, the greater the contrast. 

Exposures with filters —All but a few very light yellow filters re- 
quire an increase in the exposure over that which would have been 
used without them, called the filter factor. Filter factors differ with 
the kind of film as well as with different kinds of filters. There is no 
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such thing as a “four-times filter” or a “seven-times filter” unless it 
is specified what kind of film is meant. Filter factors also differ with 
light conditions for reasons explained above. The correct factors for 
the particular filters, films, and kind of work must be determined by 
experiment. The following table is intended merely as a suggestion; it 
is for clear sunlight, not cloudy weather, deep shadow, or artificial light. 
Filter Film 
Ordinary Orthochro- Superortho- Panchro- Superpanchromatic 
matic chromatic matic Cut Roll, Pack 


Wratten 
C (blue) --- 8 8 3 6 8 
Kz (yellow) 20 6 2.5 2 1.8 2 
K; (yellow) 40 12 as 2.5 2 2.5 
G (yellow) 100 24 10 4 2 2.5 
Aero 1 (yellow) — _ 3 2 3 1.6 
Aero 2 (yellow) 3 3 2.5 
F (red) — — — 30 Io 20 
gfa 
40 (blue) 25 30 30 
2 (yellow) — 6 3 3 1.5 1.8 
3 (yellow) —- 8 4 4 2 2 
5 (yellow) —- 10 7 5 2 2.5 
42 (red) —-- 25 10 10 


The factor should be applied to the exposure computed for any par- 
ticular case without the filter. For instance, exposures for distant 
landscapes should be reduced the same as with no filter. The advan- 
tage of the more sensitive panchromatic films in reducing exposures 
with filters is obvious. One need not think, however, that an instan- 
taneous exposure (1/25 of a second or less) is required if moving 
objects are included in the view. Running water is not rendered in 
an objectionable manner even in long exposures. Slowly moving 
cattle a few hundred feet distant do not cause trouble, nor do distant 
waving branches. Waves on water are entirely destroyed in the picture 
by long exposures. As a matter of fact, quite long exposures are some- 
times better than moderate ones which simply blur the moving objects. 

Underground photography.—Photographs may be taken under- 
ground with (a) flash lights, (b) magnesium ribbon, or (c) fixed lights. 
The writer has not had the experience to venture to offer suggestions 
in this specialized branch of photography, but will refer to the bibli- 
ography. It must be thoroughly understood that the slightest smoke 
will ruin any photograph and that filter factors and film speeds are 
quite different with artificial lights from those given above. Informa- 
tion on this subject may be obtained from manufacturers and checked 
by experiment. 

Aerial photography.—Aerial photography is no different from 
landscape photography except that the exposure is necessarily limited 
to a maximum of 1/50 second. On this account large lenses with 
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special shutters are essential to best results. This entails very ex- 
pensive apparatus. Cuutters of the focal-plane type which operate by 
moving a slit in a screen across the film have about twice the efficiency 
of shutters in the lens, and therefore much shorter exposures are 
possible. With modern films, filters which exclude all the blue and 
violet may be used. Exposures are otherwise the same as for hori- 
zontal views. Oblique views generally show the topography far better 
than do vertical pictures. No attempt is made here to discuss the 
technique of airplane mapping. 

Developing.—Films deteriorate more quickly after exposure than 
they do before. Despite the fact that some films have been success- 
fully developed many years after exposure, prompt development is 
always advisable, and is absolutely essential in the tropics. Develop- 
ment by the person who took the pictures offers many advantages, 
but geologists commonly have so many duties to perform while in the 
field that wherever really satisfactory commercial developing service 
is available it is far better to send in exposed films by mail. Instruc- 
tions for numbering of exposures in each roll, for special treatment, 
and for mailing back a set of prints only, keeping the negatives in a 
safe place, should be given at the beginning of the season. Under no 
circumstances should films be taken to drug stores or to photographers 
who have had no experience with high-grade work or with whom the 
geologist is not acquainted. Many packs have the films already num- 
bered. Cut film may be numbered in pencil when removing from the 
holders. If necessary, extra pay should be offered for special handling. 
Most finishers of amateur films have never seen anything but medi- 
ocre results from their customers and so do very careless work. Cheap 
chemicals, dirty, worn-out solutions, poor washing, spotting, scratch- 
ing, tearing, and touching of films during development are a few of 
the sins of these sloppy workers. Longitudinal streaks on roll films 
are positive proof of the last named fault. A fraud which is often 
practiced by these finishers is to substitute blank films for those 
which were ruined in development and then to tell the customer that 
he failed to open the shutter! Devices are on the market for the day- 
light development of roll films, but with them it is better to do the 
work in faint light. Some kinds of film require work either in a dark 
room or at night. The very sensitive panchromatic films must be 
handled in total darkness at least until first desensitized in a special 
solution. In general it is easier to work with film packs or cut film 
than with roll film. Space forbids further discussion of the technique 
of developing and printing. 

Care of negatives and prints —When each exposure was made in the 
field, the geologist should have recorded full data about it, including 
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kind of weather, hour of day, exposure, filter, direction of view, et ce- 
tera. The number of the exposure in the roll or pack and the number of 
that roll or pack should also be kept as well as sent to the photog- 
rapher who does the developing. With this data at hand the films and 
prints can be easily and positively identified. It sometimes happens 
that the numbers on a roll of film have been reversed, but the notes 
will enable this to be straightened out. The serial number which is 
placed on the negative for filing should also be shown in the notes 
and on the print. It is well always to place the number on the glossy 
side of the negative, for that is the side from which the picture is 
seen without reversal. Some note on the quality of the exposure should 
also be made so as to profit from mistakes. Films should be handled 
by the edges to avoid finger prints. They should be filed in albums 
made for the purpose. Prints should be mounted in albums and a 
typewritten legend placed by each one. Mounting of prints is easiest 
if done at once. If they have been curled by long drying, moistening 
between sheets of blotting paper under a weight will correct the 
difficulty. After years of experiment with various adhesives, the 
writer has found that rubber cement is the most satisfactory. 

Summary.—Good results in field photography come from the 
methodical following of a set routine which has been practiced until 
it is a habit. It is fatal to try to hurry in taking a good photograph. 
The subject should be chosen carefully and the best point of view 
selected. Then it should be examined through several filters until the 
best one has been selected. The exposure should be carefully computed 
either with a meter or by estimating the ratio it should bear to 
“normal.” A sufficiently small stop to give requisite detail and depth 
of focus must be used. The exposure must be timed accurately and, if 
long, this involves the use of a watch. An invariable order of changing 
roll films or film pack should be used, preferably immediately before 
rather than after exposure. Notes will serve as a check to avoid 
double exposures or failure to expose. All apparatus must be kept in 
perfect condition. The mottoes of the field photographer must be 
“always be careful” and “practice makes perfect.” 
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REFUGIAN STAGE OF PACIFIC COAST TERTIARY' 


HUBERT G. SCHENCK? 


AND 
ROBERT M. KLEINPELL* 
Stanford University and Bakersfield, California 


ABSTRACT 


Discriminating between rock-stratigraphic and time-siratigraphic terms, the 
writers propose the Refugian stage to comprise the rocks deposited after the strata 
usually included in the Tejon (restricted) formation of California were laid down and 
before the Zemorrian age (Bull. Amer. Assoc. Petrol. Geol., Vol. 18 (1934), P- 377)- 
The stage, probably equivalent in age to part of the Upper Eocene or Lower Oligocene 
series of Europe, includes such formations as the Lincoln, San Emigdio, Tumey, and 
Gaviota. The subjacent stage, which will include, among others, the Tejon, lowermost 
Sespe, and Cowlitz formations, can not be named at present because of lack of super- 
positional and faunal control. 


The rapid advance of geological knowledge, more accurate syn- 
chronization of strata, studies of faunal sequences in individual sec- 
tions, growing appreciation of the fact of both lateral and down-dip 
changes of lithologic and faunal facies, proof of thickening and 
thinning on a large scale, and more detailed geological cartography 
on modern base maps demand serious consideration of methods of 
classifying stratigraphic data. 

This consideration must take cognizance of two fundamental 
categories: (1) rock-stratigraphic (lithogenetic) and (2) time-strati- 
graphic units. Rock-stratigraphic terms, such as formation,‘ are in- 
dispensable in cartographic geology because they are applicable to 
those entities of lithologic and genetic significance which are suitable 
for purposes of areal mapping and do not necessarily have time con- 
notation. The terms applied to the units in the time-stratigraphic 
category® are indispensable in historical geology because they are 
independent of lithology and faunal facies, and they are applied to 
all the sediments contemporaneously deposited within a recognizable 


1 Manuscript received, December 21, 1935. 
2 Stanford University. 
3 Bakersfield. 


4 The usage here is that of Brongniart (not Fiichsel and Lehmann), which has been 
generally followed throughout the world since his time. Formations are subdivided 
into smaller rock-stratigraphic units, the members, and, following United States Geo- 
logical Survey usage, are grouped into larger units of the same category, the groups. 


5 Group (of European usage), system, series, stage, and zone. 
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interval of geologic time. Hence, although various aspects of both 
lithology and paleontology are involved in determining the units in 
both categories of stratigraphy, lithology is the dominant factor in 
the recognition of rock-stratigraphic units and paleontology of time- 
stratigraphic units. 

Stage has been employed as a stratigraphic term® for more than 
a hundred years. While there have been variations in definition, it 
has generally retained its time-stratigraphic connotation. Its usage 
in this sense for the deposits of a geological age was codified in 1901 
by the International Geological Congress and has been accepted as a 
standard stratigraphic term in most European countries. Recognition 
in this country is urged in the interests of uniformity in terminology 
and of greater clarity in regional and inter-regional correlations. 

The advantages of adopting a time-stratigraphic classification are 
several. Geologists may delineate cartographic units without attempt- 
ing to divide the invisible, such as would be necessary in many in- 
stances if the lines placed on maps are based entirely on the lowermost 
or uppermost occurrences of diagnostic species of fossils. Moreover, 
a single formational name need not spread throughout the entire 
geological province only to be restricted later, as has been the case, 
for example, with the rise and decline of the Meganos (Eocene) for- 
mation of California. The recognition of local lithogenetic units under 
separate formational names creates a complex nomenclature, yet such 
nomenclature remains objective and is better than one involving cum- 
bersome and confusing phrases, such as, for example, “‘Meganos sand- 
stone, type’”’ and “‘Meganos shale of the Arroyo Hondo region.” 
Subjective is the practice of designating a local cartographic unit, no 
matter what may be its lithological character, by a formational name 
already in the literature, personal opinion regarding the synchroniza- 
tion of the strata governing the nomenclature. The proponents of this 
practice justify it by the argument that it retains a limited number of 
formational names. The actual result is a rapid increase in difficulties 
of correlation. An objective local nomenclature should be maintained; 
yet a synthesis of the local formations into larger rock-stratigraphic 
units of regional extent (although satisfactory for cartographic pur- 
poses) often makes it impossible to synchronize events locally dis- 
cernible at two different localities. Therefore, rock-stratigraphic 
terminology, if used alone, either obscures or completely confuses the 
sequence of geologic events over wide areas which would be readily 


* For a discussion of the usage of the term stage, see Arkell, The Jurassic System 
in Great Britain, Oxford Press (1933), Chapter I. Our discussion has drawn upon a 
manuscript by H. G. Schenck, H. D. Hedberg, and R. M. Kleinpell. Pan-A mer. Geol., 
Vol. 64, No. 1 (1934), p. 70. 
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discernible if the local rock-stratigraphic units were also synthesized 
into a time-stratigraphic classification. In short, the writers are con- 
vinced that a time-stratigraphic classification is the best means known 
to permit the usage of local formational names and at the same time 
to arrange the rocks in an orderly chronological manner. 

This conviction is based upon field and laboratory studies, sym- 
posia on stratigraphic methods and nomenclature, conversation and 
correspondence with other scientists in this country and abroad, and 
above all, upon the belief that more clarity can and should be intro- 
duced into stratigraphic geology. A time-stratigraphic classification 
of series-magnitude has long been in use in California; the first printed 
statement implying that one of stage-magnitude was justified by the 
assembled data on portions of the Pacific Slope Tertiary column, at 
least, was made by Schenck in 1927,’ and a similar implication ap- 
peared in 1933.* Both were tentative, incomplete statements. In 1934 
R. M. Kleinpell® formally named several stages. It is now possible to 
define one additional stage, but the time is not yet ripe for a complete 
stage classification of the Tertiary of the Pacific Slope of North 
America. Thus, although the writers present information here that 
might constitute the basis for an additional stage below the new one 
named at this time, they hesitate to propose still another name until 
a physical and chronological base for the stage can be established. 
Both field and laboratory data must be evaluated to determine the 
magnitude of the biostratigraphic unit to be set up, and at this date 
the writers are not in a position to evaluate the mass of information 
available, especially since a stage should not be set up without a type 
locality where both the adjacent stages are represented in a con- 
tinuous fossiliferous section of strata of sufficiently similar facies to 
eliminate the possibility of purely local ecologic control over the spe- 
cies taken as diagnostic. 

Acting on the belief that a time-stratigraphic classification is both 


7H. G. Schenck, “‘Marine Oligocene of Oregon,” Univ. California Publ. Bull. Dept. 
Geol. Sci., Vol. 16, No. 12 (1927), P. 459. 


8 In Ralph D. Reed, Geology of California (Amer. Assoc. Petrol. Geol., 1933), p. 141. 
The precise asin of the word stage, however, was not fully understood by Schenck, 
either in 1927, in 1933, or later (Bull. Mus. Roy. d’Hist. Nat. de Belgique, Tome 10, 
No. 40 (1934), p. 11, footnote 7). Only after a symposium on stratigraphic terminology 
at Stanford University and particularly after a series of discussions with H. D. Hedberg 
and R. M. Kleinpell, was the true significance and utility of the term realized. Thanks 
to these discussions, stage was correctly employed in 1935 (Bull. Amer. Assoc. Petrol. 
Geol., Vol. 19, No. 4 (1935), p. 524, footnote 8). 


® Robert M. Kleinpell, “Difficulty of Using Cartographic Terminology in Histori- 
cal Geology,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 18, No. 3 (March, 1934), pp. 374-79. 
The stages are described in detail in a paper to be published shortly by the Geological 
Society of America, 
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logical and practical, the writers here propose a new Pacific Slope 
Tertiary stage, the Refugian. The type locality for the new stage is 
Cafiada de Santa Anita, on the south side of the Santa Ynez Moun- 
tains, Santa Barbara County, California, about 5 miles west of 
Gaviota Pass. The name adopted is derived from the Spanish land 
grant “‘Nuestra Sefiora del Refugio” shown on the Lompoc Quad- 
rangle of the United States Geological Survey, edition of 1905. The 
stage comprises, in this area, sediments laid down under marine con- 
ditions and containing the following species: Bulimina sculptilis 
Cushman, Plectofrondicularia packardi Cushman and Schenck, Uvig- 
erina cocoaensis Cushman, Turritella variata Conrad, Crassatella 
collina Conrad, and Chlamys ynezianus (Arnold). The base of the 
stage corresponds to the base of the Gaviota formation at its type lo- 
cality in Cafiada de Santa Anita.'® The lower beds of this formation 
are sparingly foraminiferal greenish shales, siltstones, and minor 
amounts of fine-grained sandstones. They rest conformably on a bed 
of sandstone 10-15 feet thick which eastward along the strike between 
Gaviota Canyon and Cafiada de las Utrias carries some of the fossils 
found in the Coldwater member of the Tejon (Eocene) formation. 
This sandstone, in turn, lies above a conspicuous lentil of foraminiferal 
rusty and gray-weathering, purplish-brown and gray, splintery clay 
shale about roo feet thick. A similar Coldwater-like megafauna is 
present in Cafiada de Santa Anita in the sandstones which in turn 
conformably underlie this splintery clay shale; the megafauna occurs 
in a thin conglomeratic lentil about 475 feet below the base of the 
splintery clay shale. The top of the Refugian stage is the top of a 
sandstone about 200 feet thick (usually mapped as the lowermost 
unit of the “Sespe formation” in this area), containing Turritella 
variata Conrad (sensu stricto),'' Chlamys ynezianus (Arnold),'? Ostrea 
tayloriana Gabb,'* and other mollusks at the uppermost part of the 
member. This sandstone is conformably overlain by about 325 feet of 
sandstone, silty in the lower 125 feet to coarse and massively bedded 


10 William L. Effinger, ““Gaviota Formation of Santa Barbara County, California,” 
Geol. Soc. America, Cordilleran Sec., List of Papers with Abstracts (April, 1935), pp. 35— 
36. The base of the Gaviota formation in the type section occurs at a point coinciding 
with the location of the northwest corner of the “‘n”’ in “Santa’’ of “‘Cafiada de Santa 


+ nell on the Lompoc Quadrangle topographic sheet of the United States Geological 
urvey. 


11 This species was described by T. A. Conrad in ‘Report on the Paleontology of 
the Survey,’ U. S. Pac. R. R. Reports, Vol. 7, Pt. 2 (1856), p. 195, Pl. 7, Fig. s. 


1 R. Arnold, Smithsonian Misc. Coll., Vol. 50, Pt. 4 (1907), p. 8 (separate pagina- 
tion), Pl. 50, Fig. 4, Pl. 51, Figs. 6a, 6b. 


18 W. M. Gabb, Geol. Survey California, Palaeon., Vol. 2, Sec. 1, Pt. 1 (1866), p. 34, 
Pl. 12, Figs. 60, 60a; Sec. 1, Pt. 3 (1868-69), p. 106. 
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above, containing oysters and indeterminate mollusks. These mega- 
fossils suggest that these beds are the lowermost of “the zones 
occurring below the basal green conglomerate of this vicinity” (San 
Julian Ranch) which “are also present along the coast west of 
Gaviota” according to Loel and Corey." These “‘zones” are included 
by Loel and Corey in their ‘‘Vaqueros formation” and thus the 325 
feet of sandstone in question are to be assigned to the Zemorrian 
stage. Above these oyster-bearing sandstones are, in addition, about 
100 feet of oyster-bearing sandstones with interbedded siltstone 
which 4 miles east (on the divide between Cafiada de Agua Caliente 
and Gaviota Canyon) contain at the base Foraminifera of the lower 
Zemorrian stage. Above this more or less silty member, in turn, are 
about 250 feet of sandstone which contains a few oysters and appears 
to be crossbedded at the top, and still higher are 100 feet of sandstone 
and pebbly green conglomerate locally containing typical “Turritella 
inezana zone’’ fossils. This conglomeratic member is conformably 
overlain by the Rincon shale, the lowermost foraminiferal beds of 
which represent the uppermost Zemorrian stage. Thus the Refugian 
stage comprises the rocks deposited after the strata usually included 
within the Tejon (restricted) formation were laid down and before the 
Zemorrian age. The Refugian stage is probably equivalent in age to a 
portion of the Upper Eocene or Lower Oligocene series of Europe. 
The Refugian stage here named includes the San Emigdio," Pleito 
(lower part), Tumey, Gaviota, San Lorenzo (lower and middle parts), 
and Kirker (lower part north of Mount Diablo) formations, the lower 
600+ feet of the so-called Oligocene on Wagonwheel Mountain on 
the west side of the San Joaquin Valley,'** 600 feet of marine beds in 
the southern Jamesburg Quadrangle,’ the San Juan Bautista forma- 
tion, Sespe (part), and questionably the Pinecate, all in California. 
The Eugene, Pittsburg Bluff, Tunnel Point, Keasey, and Bassendorf 
formations of Oregon, and the Lincoln formation of Washington are 
included in the stage. The “Gries Ranch horizon” of Washington also 
falls in the Refugian stage. The stage includes the Acila shumardi 
zone of authors and is roughly equivalent at its type area to the 
Turritella variata zone, tentatively named by Woodring.” 


1 Wayne Loel and W. H. Corey, “The Vaqueros Formation, Lower Miocene of 
California. I. Paleontology.” Univ. California Publ. Bull. Dept. Geol. Sci., Vol. 22, 
No. 3 (1932), p. 92. 


% M. Grace Wilmarth, “Names and Definitions of the Geologic Units of Cali- 
fornia,’ U. S. Geol. Survey Bull. 826 (1931), pp. 1-97. 


48a Conclusion based on data furnished by D. E. Taylor. 
16 C, Lathrop Herold, personal communication. 
17 W. P. Woodring, “Upper Eocene Orbitoid Foraminifera from the Western Santa 
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The succession of strata upon which this new stage is based has 
been studied by the writers in Washington, Oregon, and California. 
The most critical localities are the following: Bassendorf beach, Coos 
County, Oregon; the type locality of the Tumey formation, north 
of Coalinga, Fresno County, California'*; Wagonwheel Mountain, 
on the west side of the San Joaquin Valley, Kern County, California; 
the San Emigdio region of the southern San Joaquin Valley, Cali- 
fornia; the vicinity of the big bend in Nojoqui Creek north of Gaviota 
Pass, Santa Barbara County, California; and along the south slope 
of the Santa Ynez Mountains, from the vicinity of Cafiada del Capi- 
tan on the east!** to that of Cafiada del Cojo on the west, including the 
type section of the stage in Cafiada de Santa Anita. In each of the 
four last-mentioned areas, the sequence from the subjacent stage up- 
ward through the Refugian into the Zemorrian stage is complete. 

The original descriptions of fossils present in the Refugian stage 
are in too many publications to justify citation at this time. Many of 
the mollusks were described in early publications by T. A. Conrad 
and Wm. H. Dall, and these, together with additional forms and new 
occurrences, have been recorded in later papers, such as those by 
B. L. Clark, N. M. Tegland, Ralph Arnold, C. E. Weaver, Katherine 
van Winkle Palmer, Wagner and Schilling, J. A. Cushman and H. G. 
Schenck, H. G. Schenck, D. Dale Condit, W. P. Woodring, E. R. 
Atwill, and others. 

The basal part of the Refugian stage is marked by the appearance 
of the following molluscan species: Turritella variata Conrad sensu 
stricto, Chlamys ynezianus (Arnold), Ostrea tayloriana Gabb, Acila 
(Truncacila) nehalemensis Hanna," Crassatella collina Conrad,” 
Thyasira bisecta Conrad,” Turcicula columbiana Dall,” and of the 
foraminifers Bulimina sculptilis Cushman, Plectofrondicularia pack- 


Ynez Range, California, and Their Stratigraphic Significance,’ San Diego Soc. Nat. 
Hist. Trans., Vol. 6, No. 4 (1930), p. 160. 

18 E. R. Atwill, “Oligocene Tumey Formation of California,’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 19, No. 8 (August, 1935), pp. 1192-1204, 3 figs. in text. 

188 Leslie M. Clark and Alex Clark, personal communication. 


9G. D. Hanna, Proc. California Acad. Sci., 4 Ser., Vol. 13, No. 10 (1924), pp. 
155-56. 

20 T. A. Conrad, “Report on the Palaeontology of the Survey,” U. S. Pac. R. R. 
Reports, Vol. 7, Pt. 2 (1856), p. 193, Pl. 6, Figs. 1-2. 

1 T. A. Conrad, “Fossils from Northwestern America,” U. S. Expl. Exped. Geol., 
Vol. 10, Append. II (1849), p. 724; Geol. Ailas, Pl. 17, Figs. 10, roa. 

2 W. H. Dall, “Contributions to the Tertiary Paleontology of the Pacific Coast: 
I. The Miocene of Astoria and Coos Bay, Oregon,”’ U. S. Geol. Survey Prof. Paper 59 
(1909), p. 100, Pl. 3, Figs. 2, 11. 
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ardi Cushman and Schenck,** Uvigerina cocoaensis Cushman,* 
“‘Planulina” haydoni Cushman and Schenck, and Cibicides hodgei 
Cushman and Schenck, together with the disappearance from the 
section of the following. 


Mollusca* Foraminifera* 
Chlamys calkinsi (Arnold) Cibicides sassei Cole 
Ficopsis hornii (Gabb) Discocyclina 
Ficopsis remondii (Gabb) Guembelina 
Nekewis io (Gabb) Marginulina mexicana (Cushman) 
Ostrea idriaensis Gabb Planularia markleyana Church* 
Pseudo perissolax blakei (Conrad) “‘Plectofrondicularia” jenkinsi Church 
Turritella sargeanti Anderson and Hanna Robulus welchi Church 
Turritella uvasana Conrad, sensu stricto Siphonina 


This list could be appreciably extended. A zonal classification of the 
Refugian and the subjacent stage will perhaps modify it slightly, as 
some of the species listed as disappearing near the base of the Refu- 
gian may actually disappear at the base of the uppermost zone of the 
subjacent stage instead of at the top of this zone; the matter of zonal 
classification, however, must be left until a more finely drawn control 
over the faunal sequence has been established. 

The uppermost part of the Refugian stage is marked by the last 
appearance locally of such forms as Tuwrritella variata Conrad, sensu 
stricto, Chlamys ynezianus (Arnold), Acila (Truncacila) shumardi 
(Dall),?7. Macrocallista pittsburgensis (Dall),?* Molopophorus gabbi 
Dall,2® Bruclarkia columbiana (Anderson and Martin),*° Bulimina 
sculptilis Cushman, Uvigerina cocoaensis Cushman, Uvigerina cf. 

3 J. A. Cushman and Hubert G. Schenck, “Two Foraminiferal Faunules from the 
Oregon Tertiary,”’ Univ. California Publ. Bull. Dept. Geol. Sci., Vol. 17, No. 9 (1928), 
pp. 305-24, Pls. 42-45. 

% The type of this species is from the Cocoa sand (Eocene) of Alabama. Subsequent 


work may show that the Pacific Slope specimens referred to this species may warrant 
subspecific separation. 


% Consult R. B. Stewart, ‘““Gabb’s California Fossil Type Gastropods,”’ Proc. Acad. 
Nat. Sci. Philadelphia, Vol. 78 for 1926 (January, 1927), pp. 287-447, Pls. 20-32; and 
R. B. Stewart, ‘““Gabb’s California Cretaceous and Tertiary Type Lamellibranchs,”’ 
Acad. Nat. Sci. Philadelphia Special Publ. 3 (1930), 314 pp., 17 pls. 

26 Consult C. C. Church, “Foraminifera of Kreyenhagen Shale,” Mining in Cali- 
fornia, Vol. 27, No. 2 (1931), pp. 202-07. 

27 W. H. Dall, Trans. Wagner Free Inst. Sci., Vol. 3, Pt. 4 (April, 1898), p. 573; 
Fig. in Vol. 3, Pt. 5 (December, 1900), Pl. 40, Figs. 1, 3, as decisa. Not decisa Conrad. 
See U.S. Geol. Survey Prof. Paper 59 (April 2, 1909), p. 103. 

28 W. H. Dall, ibid., Vol. 3, Pt. 5 (1900), Pl. 36, Fig. 22 (as Callista pitisburgensis); 
Vol. 3, Pt. 5 (1900), Pl. 43, Fig. 15 (as Meretrix (Callista) pittsburgensis); Vol. 3, Pt. 6 
(1903), p. 1253 (described as Macrocallista pitisburgensis). 

29 W. H. Dall, “Contributions to the Tertiary Paleontology of the Pacific Coast: 
I. The Miocene of Astoria and Coos Bay, Oregon,” U. S. Geol. Survey Prof. Paper 59 
(1909), p. 45, Pl. 3, Fig. 8. 

30 F, M. Anderson and B. Martin, ““Neocene Record in the Temblor Basin, Cali- 
fornia,” etc., Proc. California Acad. Sci., 4 Ser., Vol. 4 (1914), p. 73, Pl. 5, Fig. 6a,b. 
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glabrans Cushman,*! Robulus inornatus (d’Orbigny),*? “Planulina” 
haydoni Cushman and Schenck, “Dentalina sp.’’ Cushman and 
Schenck, and “Dentalina sp.” Frizzel and Blackwelder,** all of which 
are more or less common (depending on the locality) in or throughout 
the Refugian stage. Among common older forms which make their last 
appearance within the Refugian are Plectofrondicularia cookei Cush- 
man, Anomalina coalingaensis Cushman and Hanna,* and the giant 
venericards of the Venericardia planicosta gens. Important forms 
making their first appearance in the upper Refugian are Dosinia 
mathewsonii Pecten (Lypropecten) perrini Arnold,*’ Nodo- 
saria anomala Reuss,** and Cassidulina, sensu stricto. 

The base of the succeeding Zemorrian stage is marked by the 
appearance of these characteristic Zemorrian or younger species: 
Turritella inezana Conrad, Rapana vaquerosensis Arnold, Pecten 
(Lyropecten) miguelensis Arnold, Pecten (Pecten) sanctaecruzensis 
Arnold, Acila (Acila) gettysburgensis (Reagan), Buliminella curta 
Cushman, Bolivina marginata Cushman, Valvulineria casitasensis 
Cushman and Laiming, steamed americanus Cushman, and species 
of Siphogenerina.*® 

31 A specimen (Micropaleon. Lab., Stanford University, Slide No. 1722) from the 
Gaviota formation, Santa Barbara County, California, was compared with a topotype 
of Uvigerina glabrans Cushman (Contrib. Cushman Lab. Foram. Res., Vol. 9, Pt. 1 
(March, 1933), p. 13, Pl. 1, Fig. 28). The California and Alabama forms are not con- 
specific. 

32 The writers are following West Coast authors in identifying specimens as Robulus 


inornatus (d’Orbigny) 1846, having had no opportunity to compare fossils with types 
from the Vienna basin. 


3 TP). L. Frizzell and R. E. Blackwelder, “Preliminary Analysis of the Type Lincoln 
Fauna (Oligocene) of Washington,” Micropaleontology Bull., Vol. 4, No. 2 (July 1, 
1933), PP- 53-63- 


% Specimens from the Gaviota formation, Santa Barbara County, California, have 
been compared with topotypes of Plectofrondicularia cookei Cushman (Contrib. Cush- 
man Lab. Foram. Res., Vol. 9, No. 1 (March, 1933), p. 11, Pl. 1, Fig. 26), from the 
Eocene of South Carolina. 


% J. A. Cushman and G. D. Hanna, “Foraminifera from the Eocene Near Coalinga, 
California,” Proc. California Acad. Sci., 4 Ser., Vol. 16 (1927), p. 221, Pl. 14, Figs. 10- 
12. 


% See R. B. Stewart, “Gabb's California Cretaceous and Tertiary Type Lamelli- 
branchs,” Acad. Nat. Sci. Philadelphia Special Publ. 3 (1930), p. 230. 


* R. Arnold, “The Tertiary and Quaternary Pectens of California,” U. S. Geol. 
Survey Prof. Paper 47 (1906), p. 80, Pl. 14, Figs. 1, 1a; Pl. 15, Fig. 1. 


38 Lacking types for comparison, specimens from California are tentatively re- 
ferred to the species from Europe described by Reuss (A. E. Reuss, “‘Die Foraminiferen, 
Anthozoen, und Bryozoen des Deutschen Septarienthones . . . Denk. Akad. Wiss. 
Wien, Bd. 25 (1865), Pl. 1, Figs. 20-22). 


3° The genus Siphogenerina is not definitely known from beds of lowermost Zemor- 
rian age. The lowest known occurrence in the Santa Cruz Mountains, for instance, is 
at a horizon about 300 feet above the Vaqueros-San Lorenzo contact as mapped by 
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The stage below the Refugian, when the time comes for its formal 
recognition, will include the strata of the Tejon (restricted), the 
Poway conglomerate, the Kreyenhagen shale (part), the Markley and 
Butano formations, the typical Matilija sandstone, Cozy Dell shale 
and Coldwater sandstone, and perhaps several other formations in 
California. The top of the stage will probably prove to be marked by 
the uppermost records of ‘“Plectofrondicularia” jenkinsi Church, 
Planularia markleyana Church, Discocyclina clarki (Cushman),*° 
Ficopsis hornii Gabb, Turritella sargeanti Anderson and Hanna, and 
other mollusks commonly taken as “typically Tejon.” In the region 
north of Coalinga, future work may disclose a satisfactory marine base 
for the stage, but at present there is no known reliable means of 
establishing the lower limit of the stage. 

Some of the Sespe formation of Simi Valley, Ventura County, 
California, will probably fall in this unnamed stage below the Refu- 
gian. In Brea Canyon, at California Institute of Technology locality 
207, at a stratigraphic horizon about 675 feet below C. I. T. locality 
150, Stock" has found a mammalian faunule believed to be of the 
same age as those from locality 180 on Tapo Ranch and 700 feet below 
locality 150. C. I. T. locality 150, in Brea Canyon, is some 2,000 feet 
below the Vaqueros formation, and the faunule from 150 contains 
elements suggesting an early Oligocene or very late Eocene age; 
whether the beds at locality 150 fall in the Refugian stage remains 
to be proved. The lower beds (localities 180, 207, etc.) are considered 
to have been deposited at about the same time as those of the type 
Tejon, and they are ‘‘upper Eocene”’ of the vertebrate paleontologists’ 
terminology. Among the vertebrates from the lower beds are Eoha- 
plomys,” Tapocyon,* Craseops,“ Plesiomiacis,© and Dyseolemur.® 


the United States Geological Survey on Bear Creek (L. S. J. U. locality 1744, on the 
north limb of the prominent anticline), whereas Foraminifera from horizons as low as 
850 feet below the same contact (on the south limb of the anticline) are still of Zemor- 
rian rather than Refugian age. 


‘° The important occurrence of Discocyclina at the type area of the Tejon formation 
was shown the writers by A. R. May (verbal communication, August, 193 5), who with 
Alex Clark collected specimens in the bed of the first canyon east of Tecuya Canyon, 
near the east-quarter corner of Sec. 25, T. 10 N., R. 20 W., S. B. B. & M., approxi- 
mately 50 feet below the base of the non-marine Tecuya beds, Kern County, California. 

41 Chester Stock, “Eocene Land Mammals on the Pacific Coast,’ Proc. Nat. Acad. 
Sci., Vol. 18, No. 7 (1932), pp. 518-23; consult especially Fig. 3, p. 521. 

ba “New Genus of Rodent from the Sespe Eocene,’’ Bull. Geol. Soc. Amer., 
Vol. 46 (1935), pp. 61-88, 1 pl., 1 fig. in text. 

e , “New Creodonta from the Sespe Upper Eocene, California,” Proc. Nat. 
Acad. Sci., Vol. 20, No. 7 (1934), pp. 423-27, 1 pl. 


“ , “Microsyopsinae and Hyopsodontidae in the Sespe Upper Eocene, 


California,”’ ibid., Vol. 20, No. 6 (1934), pp. 349-54, 1 pl. 
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These vertebrate fossils come from beds that have been mapped as 
lower Sespe in that area. 

The unnamed stage below the Refugian stage is well represented 
in Oregon and Washington. It will include at least the upper part of 
the type Arago formation, and some of the beds on the west side of 
Willamette Valley, variously referred to as Arago, Tejon, Tyee, and 
Cowlitz. The upper part of the type Cowlitz, with the famous well 
preserved molluscan faunule, also comes in the unnamed stage, as 
does the Coaledo formation of Coos Bay, Oregon. 

In conclusion, the Tertiary stages below the Lower Pliocene now 
recognized on the Pacific Slope of North America are as follows. 


Delmontian Uppermost Monterey, upper Santa Margarita formation, etc. 

Mohnian Briones formation, middle Monterey, Tice and Rodeo shales, etc. 

Luisian Lower Monterey formation, Claremont shale, “V aloulineria cali- 
fornica zone,’ etc. 

Relizian Gould shale, “‘button-bed,’’** and Siphogenerina hughesi zone, etc. 

Saucesian Middle and upper members of the Rincon shale, middle Temblor, 
etc. 

Zemorrian “Turrilella inezana zone’’*® of the type Vaqueros, upper San 
Lorenzo formation,®° etc. 

Refugian San Emigdio and lower Pleito formations, Tumey formation, 


Lincoln formation, ‘‘Turritella variata zone,” etc. 
Unnamed stage _ Tejon restricted,5' Poway conglomerate, lower Sespe formation of 
Simi Valley, etc. Base of stage not certainly known. 


That there are probably four stages present above the youngest in 
the above list and that probably two more occur between the oldest 
(unnamed) of the above group and the top of the beds characterized 
by the presence of Turritella pachecoensis Stanton*? is suggested by 


© , “Plesiomiacis, a New Creodont from the Sespe Upper Eocene, Cali- 
fornia,”’ ibid., Vol. 21, No. 2 (1935), pp. 119-22, 1 pl. 

46 
150-54, I pl. 

47 W. F. Barbat, “Age of the Producing Horizon of Kettleman Hills, California,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 16 (1932), pp. 611-12. 


48 Sandstone with Scutella merriami (F.M. Anderson), described in Proc. California 
Acad. Sci., 3 Ser., Geol., Vol. 2, No. 2 (1905), pp. 193-94, Pl. 14, Figs. 33, 34. 

49 H. G. Schenck, “What Is the Vaqueros Formation of California and Is It Oligo- 
cene?,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 4 (April 4, 1935), p. 524- 

50 J. A. Cushman and H. D. Hobson, “A Foraminiferal Faunule from the Type San 
Lorenzo Formation, Santa Cruz County, California,” Contrib. Cushman Lab. Foram. 
Res., Vol. 11, Pt. 3 (September, 1935), pp. 53-64. 

51 F. M. Anderson and G. D. Hanna, ‘“‘Faunal and Stratigraphic Relations of the 
Tejon Eocene at the Type Locality in Kern County, California,’’ Occasional Papers 
California Acad. Sci., Vol. 11 (1925), pp. 1-46. 

52 Consult R. B. Stewart, Proc. Acad. Nat. Sci. Philadelphia, Vol. 78 for 1926 
(January, 1927), p. 352. 


, “A Second Primate from California,” ibid., Vol. 20, No. 3 (1934), pp. 
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such data as are now at hand.** The definition and naming of these 
stages, however, must await the acquisition of additional data gath- 
ered from several unbroken and continuously fossiliferous sections in 
widely separated areas. Lacking this necessary superpositional and 
faunal control, further time-stratigraphic classification of the Pacific 
Slope Tertiary is unwarranted. 


58 The four younger stages will probably include in ascending order, respectively, 
much of the Jacalitos and Repetto formations: the “Etchegoin sands” (restricted sense) 
and correlatives; the San Joaquin clay and at least portions of the Pico and San Diego 
formations; and the so-called Lower Pleistocene and disputed Upper Pliocene-Lower 
Pleistocene beds of southern California. The two additional Eocene stages will probably 
include, respectively, the Domengine formation and its correlatives and other closely 
related horizons; and the widely spread fossiliferous sequence which it is now customary 
to correlate with the Capay formation. 
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BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 20, NO. 2 (FEBRUARY, 1926), PP. 226-232 


REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library and available to 
members and associates. A list of technical periodicals available for loan to members 
and associates was published in the Bulletin, Vol. 18, No. 9 (September, 1934), pp. 
1215-17. 


*“Evolution of the Congo Basin.” By A. C. Veatcu. Geol. Soc. America 
Mem. 3 (August, 1935). 185 pp., 10 pls., 8 figs. Cloth. 6.75 X 10.25 inches. 


Two of the most widely held beliefs about the Congo Basin are, first, that 
the Karroo beds (Upper Carboniferous to Jurassic), which occupy a saucer- 
shaped area within it, were deposited in a lake shaped much like the present 
basin; and, second, that the sea entered the basin (Congo Gulf) during the 
Triassic. Veatch begins his discussion with a refutation of these ideas. He 
shows that the basin does not coincide with an original basin of deposition, 
but is due entirely to post-Miocene deformation. During Karroo time the 
Congo region was not a basin but an inclined lowland lying between higher 
land on the northwest (partly out in the present Atlantic Ocean) and lower 
land on the southeast. The supposed Triassic marine fossils, which are asso- 
ciated with oil shales in the Stanleyville region, consist of ostracods, phyl- 
lopods, and small fresh-water fish related to the pike. There is thus no evi- 
dence to prove that the sea entered the Congo region during the Triassic or 
in any other period since the beginning of the Paleozoic. 

From the great mass of published and unpublished data that Veatch as- 
sembles and discusses, the story of central Africa emerges somewhat as fol- 
lows. 

Pre-Cambrian.—The Kundelungu complex of sedimentary rocks, with 
glacial deposits at the base (p. 41), accumulated under increasingly arid con- 
ditions, and was strongly folded, intruded by granites, and locally meta- 
morphosed before the end of pre-Cambrian time. The age of the Kundelungu 
series was determined by studying the lead-uranium ratio of some ores from 
Katanga. 

Cambrian to Lower Carboniferous, inclusive-——No record, because of a 
great dominance of erosion over deposition. 

U pper Carboniferous and Permian.—Deposition of the nonmarine Lukuga 
series, which consists of sandstone, shale, and coal beds. During the Upper 
Carboniferous, ice-borne debris came into the Congo region from the south. 
The Permian non-glacial deposits accumulated under increasingly arid con- 
ditions. 

Triassic.—Rift-faulting affected the Congo region, at least locally, ap- 
proximately at the end of the Paleozoic. In one of the rift lakes accumulated 
the Stanleyville beds, with oil shale and nonmarine fossils. After further tec- 
tonic disturbances, the stream sands and wind-blown deposits of the Lubilash 
series (Upper Triassic and Rhaetic, p. 73) accumulated under conditions of 
increasing aridity. 

Cretaceous.—By mid-Cretaceous time arid conditions had reached an ex- 
treme degree and the Congo country had been reduced to a peneplain, which 
was warped during the Upper Cretaceous (p. 29). 

Tertiary.—Erosion then proceeded again, with occasional deposition of 
fresh-water limestones and alluvial deposits. Aridity increased, reaching a 
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climax early in the Miocene. By this time central Africa had been reduced toa 
widespread and very perfect peneplain, the surface of which became silicified. 
The warping of this surface during the later Miocene (p. 31) brought into 
existence the Congo Basin (p. 37), which, during Pliocene and perhaps early 
Pleistocene, was modified by the cutting of a lower peneplain, best seen in the 
larger valleys and in areas underlain by soft rocks. This is the ‘“End-Tertiary” 
peneplain, in which, since the early Pleistocene, the modern rivers have cut 
their valleys (p. 38). 

The rift faulting of East Africa, which affected only the margin of the 
Congo Basin, is dated as either latest Tertiary or early Pleistocene (p. 23). 

In addition to his presentation of the broad outlines of the story, Veatch 
discusses many fascinating problems by the way. One of them relates to the 
distribution of Paleozoic and earlier glaciations. He shows that the Dwyka 
(Upper Carboniferous) glaciers spread both north and south from a presuma- 
bly high area situated a few degrees north of the Tropic of Capricorn. The 
north-flowering glaciers carried material at least to within a degree of the 
equator and probably farther. From a study of striae (Fig. 8), furthermore 
Veatch notes that even the Brazilian and Indian glacial deposits may be con- 
ceived to have moved outward from the same belt of high land—part of it 
now submerged—that furnished ice and ice-borne detritus to Equatorial and 
South Africa. His interpretation differs from Wegener’s in assuming that this 
belt stretched from Brazil to India, instead of assuming that Brazil and India 
once formed part of Africa but later drifted away. He thus “does great vio- 
lence to the hypothesis of the permanence of ocean basins and continents 
and equally so to the continental drift hypothesis” (p. 157). 

Still more remarkable is his conclusion that, in Africa at least, the Kunde- 
lungu (pre-Cambrian) glaciation had about the same limits and the same feed- 
ing-ground as the Dwyka (p. 43). 

The diamonds of the Kasai-Lunda and Bushimaie regions, which occur 
in Triassic stream channels, are discussed in a special chapter. 

The Stanleyville oil shale, with its lacustrine fossils, is shown to have ac- 
cumulated in a graben produced by rift faulting in north and south directions. 
If these Stanleyville beds are correctly referred to the Middle and Upper Beau- 
fort—that is, perhaps, to earliest Triassic—it follows that the development of 
the rifts came during the closing stages of the Hercynian or Variscan orogeny. 
This conclusion is interesting in view of the fact that the later rifts of east 
Africa have a similar relation to the closing stages of the Alpine orogeny. If 
both periods of rift-making closely followed orogenic climaxes in the Tethyan 
geosyncline north of Africa, it would seem that those students who delve into 
the causes of such phenomena might possibly be interested in seeing if a 
causal relation can be deduced between the folding and thrusting of the geo- 
syncline and the rifting of the African shield. 

Despite the fascination of such speculations, it may be noted to the au- 
thor’s credit that he steers clear of them, or merely mentions them in passing, 
and is contented to furnish his readers with a well documented analysis and 
critical evaluation of the evidence bearing on the evolution of the Congo 
Basin. His volume merits the careful attention of all students interested in 
regional geology. 

RatpH D. REED 
Los ANGELES, CALIFORNIA 
December, 1935 
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Petroleum Development and Technology, 1935. By the PETROLEUM DIVISION. 
Trans. Amer. Inst. Min. Met. Eng., Vol. 114 (1935). 554 Ppp. 


This volume, containing papers delivered at the annual meeting of the 
Petroleum Division of the American Institute of Mining and Metallurgical 
Engineers, as usual consists of a collection of material of real importance not 
only to petroleum engineers, but to the geologist, ranging from methods of 
estimating reserves to the use of metals in the petroleum industry. 

To avoid duplication and to conserve space, those papers which appeared 
in the trade journals are not reprinted. Reference is made to them in the table 
of contents. 

Almost a third of the volume is devoted to papers on production engineer- 
ing and engineering research and over half of the volume contains the reports 
on domestic and foreign production, including tabulated production and geo- 
logical data on all fields for which they are available. The rest of the book in- 
cludes papers on stabilization, petroleum economics, use of metals in the 
petroleum industry, and refining. 

Many will be gratified because more space than in earlier volumes is de- 
voted to papers that definitely fall in the field of petroleum engineering rather 
than economics and statistics, but this is done without decreasing the value 
of the papers dealing with development and production during the past year. 
These papers are, if anything, even more complete and helpful than earlier 
ones. The engineering papers range from some that are very technical and 
fundamental, for example, “An Approximate Theory of Water Coning in Oil 
Production,” by M. Muskat and R. D. Wyckoff, and “Colloidal Properties 
of Clay Suspensions,” by W. K. Lewis, Lombard Squires, and W. I. Thomp- 
son, to others of more immediate application in the field. 


E. E. STEPHENSON 
PITTSBURGH, PENNSYLVANIA 
December 17, 1935 


Invertebrate Paleontology (1935). By W1tt1amM H. TwWENHOFEL and ROBERT 
R. SHrock. McGraw-Hill Book Company, Inc., New York and London 
(1935). 511 pp., 11 tables, 175 figs. (many of the figures are equivalent 
to full page plates). Price, $5.00. The 511 pages include 478 pages of text 
material and 33 pages of index. In addition there are 8 pages of general 
classification in the contents. A number of pertinent references are given 
at the close of each chapter. The makeup of the book is very pleasing. 
The print is good and clear, the paper is of good quality, and the binding 
is attractive and substantial. The illustrations are abundant and effective, 
the various types of each group are wel! represented, and the structural 
parts are shown clearly. 

In the introduction a tree shows the general relations of the groups of 
animals, a table shows the extent in time and the relative development of 
the larger groups, a table of geologic time for North America and Europe 
gives the percentage estimates for each period and the types of characteristic 
life forms, and good diagrams show habitat and environmental conditions for 
the various types of animals. Also, there is a discussion of the nature of fossil 
remains and the contributions they make toward evolution, ancient climates, 
and paleogeography. 

The animal kingdom is divided into thirteen phyla, twelve of which con- 
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stitute the invertebrate division. These twelve are Protozoa, Porifera, Coelen- 
terata, Platyhelminthes, Nemathelminthes, Trochelminthes, Annelida, Echi- 
nodermata, Bryozoa, Brachiopoda, Mollusca, and Arthropoda. In line with 
some of the more recent classifications, Bryozoa and Brachiopoda are raised 
to the position of phyla from classes under the old phylum Molluscoidea. 
Graptolites have been placed (rightly I believe) under the Coelenterata. Pos- 
sibly a very minor error in statement is made in regard to their development 
in saying ‘‘one, two, or four buds are given off by the initial polyp.” Detailed 
studies indicate that the initial polyp gives off only a single bud from which 
another one and a cross canal are developed, and in Tetragrapti still later sub- 
divisions form the two additional stipes. 

In each phylum not only are the structure and parts and various types of 
forms well illustrated and described, but also in each major group there is 
given the classification, affinities, stratigraphic range, evolution, and climatic 
implications. No phylum is developed especially at the expense of the others 
and thus an excellent balance is preserved with each group clearly and ade- 
quately treated. Particularly to be mentioned is the group of the Bryozoa, 
generally considered a difficult one. Yet in this phylum all details are made 
clear as to development and parts of the individual animal, the colony, and 
the structures which they secrete. They are also satisfactorily differentiated 
from the Brachiopoda with which they have been classed commonly. And the 
Brachiopoda are treated in the same detail and completeness using the more 
recent classification of five instead of four orders. In the Echinodermata seven 
classes are recognized, Cystoidea, Edrioasteroidea, Blastoidea, Crinoidea, 
Stelleroidea, Echinoidea, and Holothuroidea. Here the new class Edrioaster- 
oidea is added and the two old ones, Starfish and Brittle Stars, are combined 
in the class Stelleroidea. Tentaculites, Hyolithes, and Conularia are shown as 
questionable gastropods. Another change in classification is made in the group 
of the Trilobita where the order Hypoparia is discarded, leaving but two 
orders, Opisthoparia and Proparia. In fact, the classification of the groups 
throughout is the most complete and satisfactory that has yet appeared. In 
thoroughness and lucidity of treatment, and in clarity and aptness of illus- 
trations this text has set a new high standard. 


E. DECKER 
UNIVERSITY OF OKLAHOMA 
NORMAN, OKLAHOMA 
December 18, 1935 


RECENT PUBLICATIONS 


ASIA 


*“Die dstliche Fortsetzung des Kaukasus” (The Eastern Continuation 
of the Caucasus), by Kurt Gundlach. Geol. Rundschau (Ferdinand Enke, 
Stuttgart, Germany), Vol. 26, No. 6 (December 15, 1935), pp. 385-412; 3 figs. 


AUSTRALIA 


*“QOjil Possibilities in Northwest District, Western Australia,’ by D. Dale 
Condit. Econ. Geol., Vol. 30, No. 8 (December, 1935), pp. 860-78; 1 fig. 


CZECHOSLOVAKIA 
*Petroleum Zeitschrift (Vienna), Vol. 31, No. 48 (December 4, 1935). Spe- 
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cial issue on ‘“Tschechoslowakei,” containing among other articles, the follow- 
ing (in German): ‘“The Development of Czechoslovakian Petroleum Produc- 
tion,” anon., 2 geologic maps, 5 photos; and “The Geology of the Carpathian 
Flysch and the Neogene,” by K. Zapletal. 


FRANCE 


*“Etude géologique détaillée de la région de Gabian” (Detailed Geological 
Study of the Gabian Region), by L. Barrabé and D. Schneegans. Annales des 
Combustibles Liquides (Paris), No. 5 (September-October, 1935), pp. 849-87, 
Figs. 11-14, Pls. III-IX, including colored geologic map of the petroliferous 
region. 

GENERAL 


*“Boone Chert,”’ by Albert W. Giles. Bull. Geol. Soc. America, Vol. 46, 
No. 12 (December 31, 1935), pp. 1815-78; 4 figs., 15 tables, 11 pls. 

*“Systematic Packing of Spheres—with Particular Relation to Porosity 
and Permeability,” by L. C. Graton and H. J. Fraser. Jour. Geol. (Chicago), 
Vol. 43, No. 8 (November—December, 1935), pp. 785-909; 37 figs. 

*“Experimental Study of the Porosity and Permeability of Clastic Sedi- 
ments,” by H. J. Fraser. [bid., pp. gto—1010; 11 figs. 

*“Les problémes de la géologie et de la géochemie de l’hélium,” by W. 
Beloussoff. Exposés de géologie, edited by L. Cayeaux. Hermann et Cie, 6, 
Rue de la Sorbonne, 6, Paris (1935). 38 pp. 6.5 X10 inches. Paper. Price, 10 fr. 

Minerals Yearbook, 1935. U. S. Bur. Mines (Washington, D. C.). Approx. 
1,300 pp., 129 illus., 75 chapters. “It chronicles the production of a hundred 
commercial minerals in the United States and abroad during the year 1934.” 
May be purchased from Supt. Documents, Govt. Printing Office, Washington, 
D. C. Cloth. Price, $2.00. 

*“Nomenclature of Folds,’’ by Harrison W. Straley, III. Pan-A mer. Geol. 
(Des Moines, Iowa), Vol. 64, No. 5 (December, 1935), pp. 335-42. 

*“Southern Tectonic Ending of Rocky Mountains,” by Charles Keyes. 
Tbid., pp. 355-72; 12 illus. 

GEOPHYSICS 


*La Revue Petrélifére (23 Rue de Constantinople, Paris), No. 660 (Decem- 
ber 7, 1935), contains the following illustrated, anonymous articles on geo- 
physics (in French) : “The Work of the Schlumberger Brothers in the Domain 
of Geophysics,” pp. 1559-60; ‘Note on the History of Geophysics,” pp. 1561- 
62; “History of the Schlumberger Group,” pp. 1563-66; ‘‘Kinds of Geophys- 
ics,” pp. 1567-72; “Electrical Exploration of Wells,” pp. 1573-80; “Methods 
of Geophysical Prospecting,” pp. 1581-98; “Geophysics Throughout the 
World,” pp. 1599-1607; “Geophysics at the International Congress of Mines, 
Metallurgy, and Applied Geology,” pp. 1608-09; ““The International Mining 
Congress,” pp. 1610-14. 


KANSAS 


*“Preliminary Report of the Disposal of Oil-Field Brines in the Ritz- 
Canton Oil Field, McPherson County, Kansas,” by C. J. Wilhelm and Lud- 
wig Schmidt. U. S. Bur. Mines Rept. Investigations 3297 (December, 1935). 
20 mimeog. pp., 6 figs., including map of distribution of Equus-bed formation 
in central Kansas. 
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KENTUCKY 


*Rogers Gap and Fulton Formations in Central Kentucky,” by Arthur 
Crane McFarlan and Louise Barton Freeman. Bull. Geol. Soc. America, Vol. 
46, No. 12 (December 21, 1935), pp. 1975-2006; locality map and 2 plates 
of fossils. 


MONTANA AND WYOMING 


*“Some Carboniferous Stratigraphy in Montana and Northwestern 
Wyoming,” by Harold W. Scott. Jour. Geol. (Chicago), Vol. 43, No. 8 (No- 
vember—December, 1935), pp. 1011-32; 3 figs. 


POLAND 


*“Water Problems in Boryslaw Sandstone, Boryslaw Oil Field, Poland,” 
by O. V. Wyszynski. Carpathian Geol. Survey Bull. 27 (Boryslaw, Poland, 
1935). Bur. Research Investigation Rept. III. 26 pp. (1-22 in Polish; 23-26 
in English). 16 figs. 

RUSSIA 


*“On the Question of the Tectonics of the Northern Caucasus,”’ by M. M. 
Tetiayev. Problems of Soviet Geology (Moscow), Vol. 5, No. 10 (October, 
1935), pp. 901-21. In Russian. Summary of 1 page in English. The folding 
of the Main Caucasian Range spreads into the Precaucasian Plain where its 
character changes in its approach to the borders of the Alpine folded struc- 
ture. The Precaucasian Plain is a region of folded structure in which two anti- 
clinal lines can be traced, the Armavir-Grosny and the Don-Mangishlak, 
separated by a synclinal region, where there are possibilities of other anti- 
clines. 

*“Aerial Photography in the Geological Mapping of the Paleozoic De- 
posits of the Kara Tau Mountain Range (Turkestan),” by W. W. Galitsky. 
Ibid., pp. 962-75. In Russian. 

*“On the Question of the Age of the Fauna Found at the Base of the Coal- 
Bearing Deposits of the Kusnetsk Basin,” by B. Likharev. Jbid., pp. 976-81. 
In Russian. Brief summary in English. The author disagrees with M. Yani-~ 
shevsky’s determination of the fauna as Upper Carboniferous, and concludes 
that the fauna may be Lower Permian as well as Upper Carboniferous. - 

*“A Gravitation Map of the Ukraine,” by P. K. Nechiporenko. Jbid., 
Vol. 5, No. 11 (November, 1935), pp. 1037-43; 2 maps. In Russian. 

*“Notes on the Early Paleozoic of the Kara Tau Mountain Range (North 
Turkestan),”’ by N. L. Boublitchenko. Jbid., pp. 1037-64; 1 map. In Russian. 

The following subjects of articles have been translated from the Russian 
especially for the Bulletin, by Basil B.Zavoico, Gulf Building, Houston, Texas. 

*“Petrography of Sediments of Apsheron Peninsula and of Adjoining Ter- 
ritory,” by V. P. Batourin. Micro-mineralogical analysis Azerbaidjan Oil In- 
dustry (Baku), Nos. 7-8 (July-August, 1935), pp. 9-18; 1 map. 

*“Foraminifera of the Productive Measures of the Apsheron Peninsula,” 
by D. Agalaroff, Dj. Djafaroff, and D. Khaliloff. Jbid., pp. 19-24; 1 table 
and r fig. 

*“Correlation of Apsheron and Post-Apsheron Formations of Western 
Azerbaidjan,” by I. A. Melikoff. bid., pp. 25-30; 1 map and 4 illus. 

*“Petrography of Lower Section of Productive Measures, of Pont and 
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of Diatom Formations of Artem Island (formerly Sviatoi Island),’”’ by VI. 
Malishek. [bid., pp. 31-36; 1 detailed log and 15 photomicrographs. 

*“Presence of Sulphur Bacteria in the ‘Rose’ Waters of Producing Forma- 
tions in the Surakany Oil Field and the Geochemical Significance,” by V.T. 
Malishek, A. A. Malianz, and E. A. Reinfeld. Jbid., pp. 38-49; 1 table. 

*“Types of Ozokerite Localities in U.S.S.R. and Modern Methods of 
Their Exploitation,” by S. Lisichkin. Jbid., pp. 49-53; 5 tables. 

*“Geological Notes (1. Oil in Zikh District of Apsheron Peninsula; 2. Co- 
efficient of Decline Curves; and 3. Relationship between Permeability and 
the Mechanical Composition of Oil Sands),” by V. Bilibin. Jbid., pp. 53-60; 
I map, 2 charts, and 1 table. 

*“Pyroclastic Sediments in the Tertiary of the Northeastern Azerbaid- 
jan,” by P. P. Avdousin. The Petroleum Industry (Moscow), No. to (1935), 
pp. 7-17; 16 tables and 12 photomicrographs. 

*“Oil in the Chalk and Tertiary Deposits of Northern Kabristan,” by 
Z. A. Mishounin. Jbid., pp. 18-22, 1 map. 

*“Problems of Oil in the Chalk Formations of the Azoff-Black Sea Dis- 
trict,” by P. K. Ivanchouk, and A. V. Oulianoff. Jbid., pp. 23-26; 1 map and 
I section. 

*“T)jar-Kourgan Oil-Bearing Region of Middle Asia,” by N. T. Lindtrop. 
Ibid., pp. 25-32; 2 maps and 4 tables. 

*“Problems of Contouring in the Gas Surveys,” by P. L. Antonoff. [bid., 
PP. 33-35; 6 graphs. 

*“Microfauna of Tertiary Formations of the Sakhalin Island,” by N. A. 
Voloshinoff. [bid., pp. 36-39; 1 table. 


TENNESSEE 


*“Notes on the Upper Cretaceous and Tertiary Subsurface Stratigraphy 
of Western Tennessee,” by Kendall E. Born. Jour. Tennessee Acad. Sci., Vol. 
10, No. 4 (October, 1935), pp. 248-64; 4 figs. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


* Journal of Paleontology (Fort Worth, Texas), Vol. 9, No. 8 (December, 1935). 

“Ostracodes of the Morrison Formation from the Black Hills, South Dakota,” 
by Frances Harper and A. H. Sutton. 

“The Ostracode Fauna of the Birdsong Shale, Helderberg, of Western Ten- 
nessee,”’ by Charles W. Wilson, Jr. 

“Schwagerina from the Western Edge of the Red Basin, China,” by M. L. 
Thompson and A. K. Miller. 

“The Paradise Formation and Its Fauna,” by Robert M. Hernon. 

“Graptolites of the Sylvan Shale of Oklahoma and Polk Creek Shale of 
Arkansas,” by Charles E. Decker. 

“A Devonian Fauna from the Sacramento Mountains near Alamogordo, New 
Mexico,” by Merrill A. Stainbrook. 

“Bibliography and Index to New Genera, Species, and Varieties of Foramini- 
fera for the Year 1933,” by Hans E. Thalmann. 


| / / / j 
al 
a 
4 
| | 
= 
| 
a 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 20, NO. 2 (FEBRUARY, 1936), PP. 233-238, 1 FIG. 


THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election, but places the names before the membership at large. 
If any member has information bearing on the qualifications of these nomi- 
nees, he should send it promptly to the Executive Committee, Box 1852, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


Bradford Bishop, S. Pasadena, Calif. 

Chester Cassel, Harold W. Hoots, R. D. Reed 
Clarence Peckham Dunbar, Houston, Tex. 

Dugald Gordon, Henry V. Howe, Karl E. Young 
Walter William Heathman, Los Angeles, Calif. 

H. W. Hoots, E. B. Noble, R. G. Reese 
Robert English Lindsay, Oil Center, Calif. 

F. A. Menken, W. D. Cortright, W. D. Kleinpell 
F. A. Van Melle, Tampico, Tamps., Mexico 

E. A. Ritter, W. H. Hegwein, Cecil Drake 


FOR ASSOCIATE MEMBERSHIP 


Perry R. Bass, Wichita Falls, Tex. 
H. B. Fuqua, B. E. Thompson, J. B. Lovejoy 
Joseph Neely, New York, N. Y. 
H. N. Coryell, G. Marshall Kay, Earl Emendorfer 
Rolla Theadore Wade, Houston, Tex. 
Eugene A. Stephenson, P. B. Leavenworth, E. G. Leonardon 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


William Keith Miller, Lamar, Colo. 
M. A. Dresser, D. C. Nufer, E. O. Markham 


EXECUTIVE COMMITTEE MEETING, NEW YORK CITY, 
DECEMBER 28, 1935 


The executive committee met in New York City on December 28, 1935, 
during the meeting of the Geological Society of America, at the Waldorf- 
Astoria Hotel. Members present were president A. Irving Levorsen, past- 
president William B. Heroy, and editor L. C. Snider. Among many items of 
business discussed, the following resolutions were passed. 

1. Election of honorary member.—That Ezequiel Ordéfiez be elected to 
honorary membership. Senor Ordéfiez was formerly chief geologist of the 
Huasteca Petroleum Company (Standard of New Jersey) at Tampico, 
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Mexico, and is an ex-director of the Geological Survey of Mexico at Mexico 
City. 

2. Gulf Coast Oil Fields——That the symposium on Gulf Coast geology 
now being prepared under the editorship of Donald C. Barton and George 
Sawtelle be named Gulf Coast Oil Fields. 

3. Gift of books to Institute of Geology of Mexico.—That a gift of all avail- 
able Association special publications to the Institute of Geology of Mexico 
be authorized, the two books now in the process of preparation, Gulf Coast 
Oil Fields and Geology of Tampico Region, to be included, when published, 
each containing the special inscription signed by the president. 

4. Index to Association publications —That work be commenced on a com- 
prehensive index of all the publications of the Association from 1917 to at 
least 1935, inclusive. This index to be issued to members without cost in ex- 
cess of regular dues. Decision as to whether Volume XX (1936) and the two 
special publications, Geology of Tampico Region and Gulf Coast Oil Fields, 
shall be included is reserved for future action of the executive committee. 


EZEQUIEL ORDONEZ ELECTED HONORARY MEMBER 


The executive committee has elected Sr. Ing. Ezequiel Ordéfiez, 79 Abra- 
ham Gonzales, Mexico City, D. F., as an honorary member of the Associa- 
tion, under the provisions of Article III, Section 6, of our Constitution and 
By-laws. 


The executive committee may from time to time elect as honorary members per- 
sons who have contributed distinguished service to the cause of petroleum geology. .. . 


Ezequiel Orddéfiez was born in the little village of Lerna, State of Mexico, 
in the year 1867. Early in life he showed great interest in geological studies. 
At the age of 23, he was nominated professor of geology and mineralogy at 
the National School of Engineering where he also was conservator of min- 
eralogical collections. 

He was a founder member of the old Geological Commission of Mexico 
which was later developed into the Geological Institute of Mexico of which 
he was a sub-director from 1900 to 1906. In 1906 he left this institution for 
private practice in economic geology. In 1916 the Government appointed him 
director of the Geological Institute of Mexico from which he resigned in 1918 
to resume his private, professional work. 

He was appointed as one of the delegates of the Mexican Government to 
the Eighth International Geological Congress, held in Russia in 1897, and 
was the general secretary of the Tenth International Geological Congress, 
held in Mexico City in September, 1906. 

For a number of years he was consulting geologist for the Doheny interests 
and chief geologist of the Huasteca Petroleum Company. He is generally 
conceded to have made the geological recommendation upon which oil was 
discovered near Tampico. During the last 5 years he has conducted extensive 
exploration for oil in Central and South America, including numerous geo- 
logical investigations from Guatemala to Patagonia. 

He has an extensive and wide interest in geology and a list of his geological 
publications includes 100 titles, many of which are on volcanology, mineral- 
ogy, and petrography. He wrote the first article describing the possibilities 


¢ 
4 
3 
= 
“Se 
7 
7! 
| 


ASSOCIATION ROUND TABLE 235 


of oil in Mexico in 1907, and since then has written a number of articles de- 
scribing the occurrence and geology of the oil fields in Mexico. 

His membership in the Association dates from 1924. 

The success of the mid-year meeting of the Association held in Mexico 
City, last October, was in a large measure due to the efforts of Senor Ordéfiez. 
It was at this time that many of our members first had the opportunity of 
becoming acquainted with him, and his genial and kindly nature and en- 


Sr. Ing. Ezequiel Ordéfiez 


thusiastic interest in our Association will long be remembered. The long list 
of contributions which he has made to geology and in recent years, more par- 
ticularly to the cause of petroleum geology, gives him a large place in our 
esteem and his election as an honorary member gives acknowledgment not 
only to the important part which he has had in the progress of petroleum 
geology but also to the scientific contributions of his colleagues in the Re- 
public of Mexico. He is indeed one who has “contributed distinguished service 
to the cause of petroleum geology.” 


A. I. LEVoRSEN 
Tusa, OKLAHOMA 
January 10, 1936 
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TWENTY-FIRST ANNUAL MEETING, TULSA, MARCH 19-21, 1936 


Plans of the general committee of the Tulsa Geological Society, which is 
host to the members and friends of the American Association of Petroleum 
Geologists at the twenty-first annual meeting, are rapidly developing as the 
result of frequent meetings of the several sub-committees in charge of various 
phases of the technical and entertainment program. 

The Mayo Hotel is convention headquarters. Convention registration and 
information desks will be at the south end of the Mezzanine, where the As- 
sociation high record of attendance was registered when the twelfth annual 
meeting was held in Tulsa in 1927. The Junior Ball Room, also on the Mez- 
zanine, has been reserved by divisional meetings. The general technical pro- 
gram will be presented in the Crystal Ball Room on the sixteenth floor. Ex- 
hibit space for manufacturers and distributors of scientific equipment and 
service is located in the well lighted south end of the same floor. 

The entertainment committee is preparing for a record attendance at the 
annual banquet and dance which will probably be staged in the ball room of 
the Mayo and the ball room of the University Club just across the street, on 
Friday night, March 20. A smoker, at which it is planned to have a speaker of 
national reputation, will occur on Thursday night. 

On Wednesday, the day before the official opening of the convention, 
committee meetings will fill the day and far into the night. The general busi- 
ness committee wili meet at 2:00 P.M. on this day to decide on matters of 
business to be presented at the annual meeting of the Association. The execu- 
tive committee will meet as usual on the night of Tuesday, March 17. 

The research committee will hold its annual dinner and round-table dis- 
cussion as usual at 6:30 on Wednesday evening, March 18, immediately pre- 
ceding the annual meeting. The key subject of discussion will be: ‘‘Variation 
of the Occurrence and Character of Oil and Gas with Variation of Strati- 
graphic Facies.” 

Tulsa has several excellent hotels, but in anticipation of an exceptionally 
large attendance, the committee urges each person to make his own reserva- 
tion direct to the hotel of his choice, now, and to request a confirmation from 
the hotel. Names of hotels, with rooms and rates, will be sent each member in 
the usual printed announcement mailed from headquarters in February. 

There will be no convention registration fee. Each person should register 
at the convention headquarters on the Mezzanine of the Mayo Hotel 
promptly after securing his room at his own hotel. The convention registra- 
tion provides him with badge, program, and other information. 

The railroads have granted the convention rate of a fare-and-a-third for 
the round trip with ample return time privilege. A railroad certificate will be 
mailed each member. This special rate is especially brought to the attention 
of members for their convenience and use. 

Field trips to particular places of interest may be specially arranged if 
enough demand is shown. The principal trip will probably be to the Fitts area 
in southern Oklahoma. 

No fees or dues are required for admission to the technical program, but 
tickets may be purchased for the banquet, dance, smoker, field trips, or other 
events. Thus the person attending may keep within his own budget for enter- 
tainment. 

Again it is requested that titles and abstracts of articles for presentation 
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on the technical program be sent in duplicate immediately to Ira H. Cram, 
chairman of the technical program committee, The Pure Oil Company, Box 
271, Tulsa. If received in Tulsa later than March 1, they may not be included 
in the printed program. 

Other information may be had from Frank R. Clark, general chairman, 
Marathon Oil Company, Box 981, Tulsa. 

In addition to the list of papers published in the January Bulletin, the 
following titles have been received. 


Henry V. Howe, “Stratigraphic Evidence of Gulf Coast Geosyncline” 

R. W. Richards, “Significance of Wet, Lean, and Dry Gas to the Absence or Presence 
of Petroleum Deposits’’ 

Josiah Bridge, T. A. Hendricks, and M. M. Knechtel, ‘“‘Geology of Black Knob Ridge, 
Oklahoma”’ 

T. A. Hendricks, C. H. Dane, and M. M. Knechtel, “Stratigraphy of Pennsylvanian 
Rocks of the Arkansas-Oklahoma Coal Basin’’ 

W. H. Twenhofel, presidential address, ‘Marine Unconformities, Marine Conglomer- 
ates, and Thickness of Strata’’ 

Parker D. Trask, “Studies of Some Possible Source Beds in Oklahoma and Kansas’’ 

R. B. Rutledge, “The Cunningham Oil Pool, Kingman County, Kansas’”’ 

Watson Monroe, “Factors Influencing the Geologic History of the Jackson Area of 
Mississippi” 

John Emery Adams, “The Wheat Pool, Loving County, Texas.”’ 

W. B. Lang, “‘The Correlation of Permian Stratigraphy in Southeastern New Mexico”’ 

Charles E. Decker, ‘Some Tentative Correlations on the Basis of Graptolites of Okla- 
homa and Arkansas” 

Frederick G. Clapp, “Geology and Oil Indications of the Dead Sea in Palestine and 
Trans Jordan.” 

George C. Branner, “Sandstone Porosities in Paleozoic Region of Arkansas.”’ 

M. T. Halbouty, “High Island Salt Dome, Galveston County, Texas.” 

W. W. Love and W. V. Howard, ‘Experimental Evidence of Migration of Petroleum.” 

J. Boyd Best, “West Tuleta, Ray, and Dirks Fields, Bee County, Texas. 


The Division of Paleontology presents the following list. 


M. M. Kornfeld, ‘Use of Corals in Jackson Eocene Well Cutting”’ 

C. E. Decker, “‘Graptolites of the Stringtown Shale and Basal Viola Limestone of 
Oklahoma and Womble Shale of Arkansas’’ 

“A Lower Ordovician Graptolite Fauna at Smithville, Arkansas” (by 
title 

C. E. Decker, ““A Cambrian Graptolite Fauna in the Middle Arbuckle Limestone of 
Oklahoma” 

C. E. Decker, “A Didymograptus Protobifidus Zone in the Arbuckle Limestone of 
Oklahoma”’ (by title) 

R. W. Harris, “Additional Ostracods from the Simpson and Arbuckle of Oklahoma”’ 

L. W. Calahan and H. L. Durgan, “Micro-Fossiliferous Zones in an Eocene-Oligocene 
Well Section of Northern Mexico” 

_ _ and J. A. Butts, “Micro-Fossiliferous Chart of an East Texas Oil 

ie ” 


J. W. Stovall, “Vertebrate Evidence of Jurassic in Cimarron County, Oklahoma” 

Morton B. Stephenson, “Shell Structure of the Genus Cytheridea”’ 

Henry V. Howe, “Some Large Oysters of the Gulf Coast Tertiary’’ 

Constance Leatherock, ‘“‘Physical Characteristics of the Bartlesville and Burbank Sands 
in Northeastern Oklahoma and Southeastern Kansas” 

— “Ammonites of the Trinity Group (Cretaceous) in Texas, Louisiana, and 

rkansas”’ 
F. B. Plummer, “‘A New Classification for Paleozoic Ammonoids” 
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ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 

A. Irvine LevorsEN, chairman, Tulsa, Oklahoma 

E. C. Moncrier, secretary, Wichita, Kansas 

Witutam B. Heroy, New York, N. Y. 

Frank A. Morcan, Los Angeles, California 

L. C. Sumer, New York, N. Y. 


GENERAL BUSINESS COMMITTEE 


H. B. Fuqua (1936), chairman, Gulf Production Company, Fort Worth, Texas 
Haro W. Hoors (1936), vice-chairman, Union Oil Company, Los Angeles, California 


Sam M. Aronson (1936) C. E. Dossin (1937) L. Murray NEUMANN (1936) 
Arrnur A. BAKER (1936) H. B. Fuqua (1937) KENNETH DALE OWEN (1937) 
R. F. Baker (1937) L. W. Henry (1937) G. W. SCHNEIDER (1937) 
A. Baker (1937) B. Heroy (1936) Gayte Scott (1936) 

Roy M. Barnes (1937) F. M. KANNENSTINE (1936) E. F. SHea (1937) 

R. A. Birk (1936) James W. Kust1no, Jr. (1937) L. C. SNIDER (1936) 

L. W. Brau (1936) A. I. Levorsen (1937) Crare J. STAFFORD (1937) 
Ropert L. CANNON (1937) THeopore A. Link (1937) J. D. Tuompson, Jr. (1936) 
Tra H. Cram (1937) Geratp C. Mappox (1937) J. M. VetreR (1936) 

E. F. Davis (1936) E. C. Moncrier (1936) Louis N. WATERFALL (1937) 
Tuornton Davis (1937) James G. Montcomery, JR. (1937) P. (1936) 
Frank W. DeWotr (1937) Frank A. Morcan (1936) Nett H. Wits (1937) 


RESEARCH COMMITTEE 
Donatp C. BARTON (1936), chairman, Humble Oil and Refining Company, Houston, Texas 
Harow W. Hoots (1936), vice-chairman, Union Oil Company, Los Angeles, California 
M. G. Cueney (1937), vice-chairman, Coleman, Texas 


R. S. KNAPPEN (1936) F. H. (1937) Stantey C. (1938) 
W. C. Spooner (1936) H. A. Ley (1937) Tueopore A. Link (1938) 
Parker D. Trask (1936) R. C. Moore (1937) C. V. MILLIKAN (1938) 
Rosert H. Dorr (1937) F. B. PLumMER (1937) Joun L. Rica (1938) 

K. C. (1937) Joun G. Bartram (1938) C. W. (1938) 


C. E. Dosstn (1938) 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 
Freperic H. Lange (1937) 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Ira H. Cram, chairman, Pure Oil Company, Tulsa, Oklahoma 


Joun G. Bartram G. D. Hanna Ep. W. Owen 

M. G. CHENEY M. C. IsRAELsKY J. R. Reeves 

ALEXANDER DEUSSEN A. I. LevorseN ALLEN C. TESTER 

B. F. Hake C. L. Moopy W. A. Taomas 
R. C. Moore 


TRUSTEES OF REVOLVING PUBLICATION FUND 
Cuartes H. Row (1936) D. REED (1937) 


TRUSTEES OF RESEARCH FUND 
Rosert H. Dorr (1936) G. C. GesTEer (1937) 


FINANCE COMMITTEE 
Joseru E. Pocue (1936) E. DeGotyer (1937) Tuomas S. Harrison (193°) 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
Frank Rinker Cxiark, chairman, Box 981, Tulsa, Oklahoma 


H. Arxinson Carey CRONEIS S. E. Supper 
Artuor E. BrarNnerp H. B. Hr H S. McQueen 
Hat P. ByBee Eart P, Hinpes E. K. Soper 


Herscuet H. Cooper Marvin Lee J. M. Vetrer 
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H#emorial 


EUGENE WESLEY SHAW 


Eugene Wesley Shaw was born at Delaware, Ohio, on July 29, 1881, and 
died at Washington, D. C., on October 7, 1935, after a long illness. Although 
his life ended at the age of 54 he had accomplished much and left an enviable 
reputation as a scientist and as a man. 

His high school and college days were spent mainly at the place of his 
birth, but his college course at Ohio Wesleyan was interrupted between the 
sophomore and juniors years by 2 years of roughing-it in the cattle and sheep 
country of the West, chiefly in Wyoming. During these early years a love of 
Nature was developed which remained with him permanently and led toa 
rare understanding of botany, zoology, astronomy, and meteorology for one 
who achieved so much in the special field of geology. He also loved and appre- 
ciated good music, without having any special ability to produce it. This also 
must have begun during these early years in Ohio. Shaw frequently men- 
tioned his obligation to, and regard for, Professor L. G. Westgate of Ohio 
Wesleyan who must have had a profound influence on the boy and man. 
The western experiences taught him independence and self reliance. Through- 
out his life he was known as a good manager and both those who turned over 
to him great responsibilities and those who worked under him admired and 
respected him. However, he was quiet, sometimes to the point of taciturnity, 
and was never what is known as a “good mixer.” He did not make large num- 
bers of close personal friends but the relatively few who were privileged to 
know him well were friends for life. 

Having graduated from Ohio Wesleyan in 1905, Shaw entered the Uni- 
versity of Chicago later the same year, where he spent two very useful years 
as a graduate student, a fellow, and an assistant in geology. The summer of 
1906 was spent in field work in, and east of, the Bighorn Mountains in Wyo- 
ming, with which area he was already familiar because of his experience of 
1900-1902. Unfortunately he never entirely completed his work for the Ph.D. 
degree at Chicago. The degree of Doctor of Science was conferred upon him 
by Ohio Wesleyan in 1927, however. 

In 1907 Shaw became a junior geologist on the United States Geological 
Survey. He was promoted to assistant geologist in 1909, and to geologist in 
1913. From 1919 to the time of his resignation from the Survey in 1921, he 
was chief of the sub-section of sedimentation. In many respects these were the 
most productive years of his life. First assigned to the fuel division, he re- 
turned again to Wyoming but later worked in Pennsylvania, Illinois, Florida, 
Mississippi, Louisiana, Alabama, Texas, Arkansas, Kentucky, Missouri, and 
probably other states. The results of these fruitful years include contributions 
to such varied subjects as coal, Appalachian and Mississippi Valley stratig- 
raphy and geomorphology, deltas, stream terraces, mud lumps, coral reefs, 
oil, natural gas, and salt domes. Recognition as an expert on world deltas, 
areal and dynamic geology, natural gas, and sedimentation should perhaps 
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be especially mentioned, but he was also well known as a petroleum geologist 
and engineer by the time of his resignation from the Survey. 

During this period also he took leaves of absence for the study of deltas 
in central Europe, Italy, and Egypt and in order to do foreign commercial 
work. In 1918 and 1919 he served as valuation engineer in the United States 
Treasury and in this capacity established the principles on which the taxation 
of incomes from the production of natural gas is based. 

In all, he published more than 60 papers and abstracts, either alone or in 
collaboration, including eight United States Geological Survey folios. 

In 1921 Shaw resigned from the Federal Survey to enter general consult- 
ing practice with headquarters in New York and Tulsa. As a consulting ge- 
ologist he carried out numerous important commissions both in this country 
and abroad. He directed several long expeditions in South America, including 
one into the Grand Chaco. In 1925-26 he was senior member of the American 
representatives of an international group making a preliminary survey of 
Iraq for the Turkish Petroleum Company, Ltd., of London. One of the re- 
ports of this survey, by Shaw and A. N. Noble, is credited with the decision 
of this company to test the Baba Gurgur structure near Kirkuk, Iraq, from 
which the present production of the Iraq Petroleum Company, Ltd., succes- 
sors to the Turkish Petroleum Company, is derived. 

In 1929 Shaw became chief geologist of the Iraq Petroleum Company, a 
position which he held for almost 5 years until forced to give up the work by 
the illness which finally proved fatal. His work for this company was of a 
high order. 

Shaw was a member of numerous scientific and other scholastic organiza- 
tions, including the American Association for the Advancement of Science, 
Sigma Xi, Phi Beta Kappa, Geological Society of America, Association of 
American Geographers, American Institute of Mining and Metallurgical 
Engineers, Washington Academy of Science, Geological Society of Washing- 
ton, Petrologists Club, Petroleum Club, and Cosmos Club of Washington, 
American Association of Petroleum Geologists, and the London Geological 
Society. He was starred in geology in the third edition, 1921, the fourth edi- 
tion, 1927, and the fifth edition, 1933, of American Men of Science. Thus rela- 
tively early in life he was recognized as one of the one hundred ranking geolo- 
gists in North America. 

In 1907 Eugene Wesley Shaw of Washington, D. C., and Miss Abbie 
Haylett of Racine, Wisconsin, were married. They had met while both were 
undergraduates at Ohio Wesleyan. Mrs. Shaw and two sons, Haylett born in 
1914, and Gail born in 1919, survive and live at 11 Taylor Street, Chevy 
Chase, Maryland, a suburb of Washington, D.C. H. F. Sackett of the Fisher 
Oil Company of Tulsa is a nephew. 

A. C. TROWBRIDGE 


Tue StaTE UNIVERSITY OF IowA 
December 30, 1935 


RUSSELL FOSSLER RYAN 


Russell F. Ryan was born February 11, 1897, in Freeport, Illinois, and 
died in Houston, Texas, on October 8, 1935. His death resulted from an auto- 
mobile collision near Hempstead, Texas, entirely the fault of the driver of an- 
other car. He is survived by his widow, Charlotte Cary Ryan, of Houston, 
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Texas, his parents, Mr. and Mrs. J. H. Ryan and one sister, Pearl Ryan, of f a 
Freeport, Illinois. 
Russell entered the University of Chicago in the fall of 1916, majoring in a 
geology. 4 
Prior to graduation, in September, 1918, he enlisted in the service of his g 
country, being sent overseas in October of that year with the 122nd Engi- : 
neers. His services terminated with an honorable discharge in August, 1919. ? 
Thereafter Russell engaged in geological work in the Mid-Continent area ‘ 
| of the United States and in Cuba. In 1927 he joined the geological organiza- a 


\ tion of the Vacuum Oil Company at Houston, Texas, serving at various times 
| in the capacity of geologist, assistant chief geologist, and acting chief geolo- 
gist. 

On June 15, 1931, Russell married Miss Charlotte Cary Snoddy in Hous- 
| ton, Texas, to whom he was a devoted husband. 

In 1932 he entered the general consulting practice with headquarters at 
Houston, continuing this with success until his untimely death. Among other 
interests he was chairman of the Greta (Refugio County, Texas) Operators 
Association which included a number of major and independent oil com- 
panies. 

In addition to membership in the American Association of Petroleum 4 
Geologists he was an active member of the American Institute of Mining and % 
Metallurgical Engineers, the Society of Petroleum Geophysicists, and the 
Houston Geological Society. 

He was an untiring and intelligent worker and bore a share in the responsi- 
bility of the discovery of Iowa, Cameron Meadows, Tomball, and other 
coastal fields of Texas and Louisiana. : 

Russell was a member of the Methodist church. He was characterized by 
his devotion to his family and friends, his unstinted generosity, and an out- 
spoken frankness to all. 


Houston, Texas Henry C. Cortes 
January, 1936 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


New officers of the Forth Worth Geological Society for 1936 are: presi- 
dent, NormMAN L. Tuomas, The Pure Oil Company; vice-president, J. F. 
HostERMAN, Amerada Petroleum Corporation; secretary-treasurer, PAu C. 
Dean, 1818 W. T. Waggoner Building. 


At a meeting of the Tulsa Geological Society, Monday, January 6, 
Epwarp BLOEscH presented a paper entitled, ‘‘A Study of Faults.” 


President LEVoRSEN announces the appointment of H. B. Fuqua, of the 
Gulf Production Company, Fort Worth, Texas, as chairman, and HaRoLp 
W. Hoots, of the Union Oil Company, Los Angeles, California, as vice- 
chairman, of the Association general business committee which meets on 
Wednesday, March 18, the day before the official opening of the twenty-first 
annual meeting at the Mayo Hotel, Tulsa, Oklahoma. 


The mid-year meeting of the American Petroleum Institute will be held 
in the Mayo Hotel, at Tulsa, on May 13, 14, and 15. The annual meeting of 
the Institute will be held at Chicago, November 9-12, 1936. 


The International Petroleum Exposition and Congress will be held at 
Tulsa, May 16-23, 1936. 


SHIRLEY L. Mason has recently been employed by the Stanolind Oil and 
Gas Company, and will be located at 713 Esperson Building, Houston, Texas. 


T. R. BANKs resigned, January 1, as district geologist in North Texas for 
Magnolia Petroleum Company and will enter consulting work. He will con- 
tinue to live in Wichita Falls. 


C. J. Warp, formerly of Birmingham, England, is now with the Shell 
Petroleum Corporation, Houston, Texas. 


Don B. Goutp, Cornell College, Mount Vernon, Iowa, has been engaged 
to teach geology at Colorado College during the summer session of 1936. 


RoBert D. OHRENSCHALL has changed his address from Wichita, Kansas, 
to 3136 South Madison Avenue, Tulsa, Oklahoma. 


FRANK B. NoTESTEIN, geologist with The Texas Company, and formerly 
at Houston, Texas, is now located at McAlester, Oklahoma. 


WILL W. Boyer, formerly at Casper, Wyoming, has opened a consulting 
office at San Antonio, Texas. His new address is 1825 West Gramercy Place. 


WILLIAM PETRASCHECK, professor of geology at the Mining University of 
Leoben, Austria, has been appointed Doctor-Ingenieur honoris causa by the 
Technische Hochschule, Breslau, Germany. 
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L. G. Keppier, formerly of Tulsa, Oklahoma, is now geologist for the 
Montour Production Company, of Pittsburgh, Pennsylvania, and is located 
at 1916 Alamo National Building, San Antonio, Texas. 


Kart A. Scumipt, geologist with the Tide Water Oil Company, has 
changed his address from Palestine, Texas, to Giddens Lane Building, Shreve- 
port, Louisiana. 


M. E. Touwae, manager of the Societe Miniere de Bafwaboli, Belgian 
Congo, is on leave in Belgium and may be addressed at 49 rue Vandermeersch, 
Brussels 3. 


Wim H. Curry, Jr., until recently district geologist for Shell Petro- 
leum Corporation, San Antonio, Texas, resigned, January 15, to join the 
Santa Clara Oil Company of that city. 


L. Mintrop, of Breslau, Germany, plans to sail in February to the United 
States and will attend the 21st annual meeting of the Association at Tulsa, in 
March. 


R. W. MossMan is engaged as county supervisor on the Oklahoma State 
Mineral Survey under the Oklahoma Geological Survey. He is stationed at 
Wagoner. 


H. W. Patnope is assisting PARKER D. TRAskK in his laboratory work on 
the American Petroleum Institute Research Project No. 4 at Washington, 
D.C. 


T. S. Loverine, of the University of Michigan, Ann Arbor, is the author 
of Professional Paper 178 of the United States Geological Survey, “‘Geology 
and Ore Deposits of the Montezuma Quadrangle, Colorado.” 


J. W. VANDERWILT talked on ‘“The Replacement Theory of Igneous Rocks 
and the Origin of Granite,”’ before the Rocky Mountain Association of Petro- 
leum Geologists at Denver, Colorado, February 3. On January 20, C. E. Dos- 
BIN, of the United States Geological Survey, spoke on ‘“‘Geology of Washing- 
ton County, Utah.” 


E. H. SEttarps, director of the Texas Bureau of Economic Geology, ad- 
dressed the North Texas Geological Society at Wichita Falls on the procedure 
in taking advantage of the WPA funds for mineral research. 


Rosert M. WHITESIDE, of the Shell Petroleum Corporation, presented a 
paper on “Stratigraphic Position of Premarmation ‘Sands’ in Oklahoma”’ be- 
fore the Tulsa Geological Society, February 3. 


DaLeE BEnsoNn, geological scout for the Sinclair Prairie Oil Company, has 
been transferred from Amarillo to Corpus Christi, Texas, where his present 
address is the Plaza Hotel. 


Recent programs at the Panhandle Geological Society meetings: Decem- 
ber 10, “Discussion of House Bill 266 of the Last Texas Legislature,’”’ by Don 
Emery, Phillips Petroleum Company; January 23, “Relation of Earth Tem- 
peratures to Geologic Structure,” by Jonn A. McCurcni, Shell Petroleum 
Corporation. 
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A paper on “Estimation of Oil Reserves by Saturation Method” was 
presented before the Oklahoma City Geological Society at the regular weekly 
luncheon, February 3, by Mr. Hunt1ncTon, of the faculty of the engineering 
department of the University of Oklahoma. The society has regular weekly 
luncheons in the Chamber of Commerce rooms, ninth floor, Commerce 
Exchange Building. Visiting geologists are cordially welcome. 


J. Frencu Rosinson, of Pittsburgh, Pennsylvania, has been made presi- 
dent of the Peoples Natural Gas Company to succeed JoHn B. TONKIN who 
has retired. 


Henry A. BUEHLER, president of the American Institute of Mining and 
Metallurgical Engineers, and director of the Missouri Geological Survey, 
talked about the Institute, before the Mid-Continent Section at Tulsa, 
Oklahoma, February 1. At the same meeting M. L. Harner, petroleum engi- 
neer with the Carter Oil Company, gave an illustrated talk on “Modern Oil 
Production Methods.” 


The second World Petroleum Congress will be held in Paris, June, 1937, 
according to Circular No. 1 (January, 1936) of the organization committee of 
the French Association of Petroleum Technologists. This is also the occasion 
of the International Exposition. The general procedure of the first Congress, 
held in London, will be followed. Papers and discussions will be grouped in 
5 sections: (1) geology and production, (2) physical chemistry and refining, 
(3) material and construction, (5) economics and statistics. The price of regis- 
tration as a member of the Congress is 50 francs; persons accompanying 
members may register for 25 francs. The official language is to be French, but 
correspondence and conferences may be carried on in English. Registration 
should be sent by April 1, 1937, and manuscripts should be submitted before 
February 1, 1937, to Secrétariat Géneral du Congrés, 85, Boulevard Mont- 
parnasse, Paris VIe. Copies of Circulaire No. 1 (in French) giving more details, 
are available at A.A.P.G. headquarters, Box 1852, Tulsa, Oklahoma. 


EZEQUIEL ORDONEZ, former director of the Geological Institute of Mexico, 
has been elected honorary member of the San Antonio Geological Society. 


Grorce T. McIntyre is employed in the geological department of the 
Indian Territory Illuminating Oil Company at Bartlesville, Oklahoma. 


Everett A. WyMAN, of the Amerada Petroleum Corporation, has moved 
from Wichita, Kansas, to Tulsa, Oklahoma. 


Rosert L. CAssIncHAM, has moved from Enid, Oklahoma, to the office 
of the Amerada Petroleum Corporation at Wichita, Kansas. 


W. ARMSTRONG PRICE, consulting geologist, Corpus Christi, Texas, has 
written an article, “Basic Facts Behind the Present Oil Activity in Coastal 
South Texas,” published on page 1, No. 1, Vol. 1, of Corpus Christi on Parade, 
a new monthly news magazine of Corpus Christi. 


The following men have been elected officers of the West Texas Geological 
Society, Midland, Texas: President, E. Russett Lioyp, Superior Oil Com- 
pany of California, Midland; vice-president, P. D. Moore, consulting geolo- 


gist, San Angelo; secretary-treasurer, M. B. AnicK, Humble Oil and Refining 
Company, Midland. 
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PROFESSIONAL DIRECTORY 


Space for Professional 


Cards Is Reserved for 


Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 1852, Tulsa, Oklahoma 


CALIF 


ORNIA 


WILLARD J. CLASSEN 
Consulting Geologist 
Petroleum Engineer 


1093 Mills Building 
SAN FRANCISCO, CALIFORNIA 


RICHARD R. CRANDALL 


Consulting Geologist 


415 Haas Building 
LOS ANGELES, CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


PAUL P. GOUDKOFF 


Geologist 
Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


C. R. McCOLLOM 
Consulting Geologist 


Richfield Building 
Los ANGELES, CALIFORNIA 


WALTER STALDER 
Petroleum Geologist 


925 Crocker Building 
SAN FRANCISCO, CALIFORNIA 


IRVINE E. STEWART 
Consulting Geologist 


548 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


COLO 


RADO 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


— Instruments — 
— Surveys — Interpretations — 


C. A. HEILAND 


President 


Denver, Colo. 


JOHN H. WILSON 
Geologist and Geophysicist 


Colorado Geophysical Corporation 
610 Midland Savings Building, DENver, COLORADO 
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CZECHOSLOVAKIA 


KANSAS 


DR. HANS HLAUSCHEK 
Consulting Geologist 


Prague XVI, nabr. legii 10 


L. C. MORGAN 
Petroleum Engineer and Geologist 


Specializing in Acid-Treating Problems 


CZECHOSLOVAKIA 358 North Dellrose 
Wicuita, Kansas 
LOUISIANA 
J. Y. SNYDER WILLIAM M. BARRET, INC. 


1211 City Bank Building 
SHREVEPORT, LOUISIANA 


No Commercial Work Undertaken 


Consulting Geophysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La, 


NEW MEXICO 


RONALD K. DeEFORD 
Geologist 
ROSWELL MIDLAND 
New Mexico ‘LEXAS 


NEW 


YORK 


BROKAW, DIXON & McKEE 
Geologists Engineers 


E. DEGOLYER 


Specializing in extension of “‘shoestring’’ pools 


University of Cincinnati 
Cincinnati, Ohio 


OIL—NATURAL GAS 
Exsminations, Reports, Appraisal Room 1710 Room 2715 
“austimates of Reserves 
120 Broadway Gulf Building 
New York Houston 
FREDERICK G. CLAPP _ A. H.GARNER 
Geologist Engineer 
Consulting Geologist 
PETROLEUM 
50 Church Street NATURAL GAS 
NEW YORK 120 Broadway New York, N.Y. 
OHIO PENNSYLVANIA 
JOHN L. RICH HUNTLEY & HUNTLEY 
Petroleum Geologists 
Geologist and Engineers 


L. G. HuNTLEY 
J. R. Jr. 


Grant Building, Pittsburgh, Pa. 
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OKLAHOMA 


ELFRED BECK 
Geologist 


614 National Bank of Tulsa Building 
TULSA OKLAHOMA 


GINTER CHEMICAL 
LABORATORY 


Analytical Work on 
Oil, Gas, Water and Cores 


R. L. GINTER 118 West Cameron 
Owner Tulsa 
R. W. — L. D. Simmons 
WELL ELEVATIONS GEO. C. MATSON 
Oklahoma, Kansas, Texas, and 
New Mexico Geologist 
LAUGHLIN-SIMMONS & CO. 
605 Oklahoma Gas Building Philcade Building Tusa, OKLA. 
TuLsA OKLAHOMA 
G. H. WESTBY 


Geologist and Geophysicist 
Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


TEXAS 


DONALD C. BARTON 
Geologist and Geophysicist 
Humble Oil and Refining 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


Company 
1606 Shell Building 
HOUSTON TEXAS HOUSTON, TEXAS 
F. B. Porter R. H. Fash 
DAVID DONOGHUE President Vice-Presidem 
Consulting Geologist THE FORT WORTH 
LABORATORIES 


Appraisals - Evidence - Statistics 


Fort Worth Nationai FORT WORTH, 
Bank Building TEXAS 
J. S. HupNatt G. W. Pirtie 


HUDNALL & PIRTLE 
Petroleum Geologists 


Reports 
TYLER, TEXAS 


Appraisals 
Peoples Nat'l Bank Bldg. 


Analyses of Brines, Gas, Minerals, Oil. Inter- 
pretation of Water Analyses. Field Gas Testing. 


8282 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 
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TEXAS 
W. P. JENNY 
JOHN S. IVY Geologist and Geopbysiciss 
United Gas System Gravimetric Seismic 
Magnetic Electric 
921 Rusk Building, HOUSTON, TEXAS Surveys and Interpretations 
2102 Bissonett HOUSTON, TEXAS 


PHILLIP MAVERICK 
Petroleum Geologist 


Western Reserve Life Building 


DABNEY E. PETTY 
Geologist 


P. O. Drawer 1477 SAN ANTONIO, TEXAS 


E. E. Rosaire F. M. Kannenstine 


ROSAIRE & KANNENSTINE 
Consulting Geophysicists 
Specializing in 
Seismograph Explorations 
Esperson Building HOUSTON, TEXAS 


A. T. SCHWENNESEN 
Geologist 


1517 Shell Building 
HOUSTON TEXAS 


OLAF F. SUNDT 
Geologist and Geophysicist 
Specializing in Gravity Work 


W. G. Savitz J. P. SchumacHerR A. C. Pacan 


TORSION BALANCE 
EXPLORATION CO. 


Torsion Balance Surveys 


1028-30 Post Dispatch Bldg. Phone: Preston 7315 
HOUSTON, TEXAS Cable: Torbalex 


HAROLD VANCE 
Petroleum Engineer 


Petroleum Engineering Department 
A. & M. College of Texas 
COLLEGE STATION, TEXAS 


WYOMING 


E. W. KRAMPERT 
Consulting Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL AND GEOPHYSICAL 


COLORADO KANSAS 
ROCKY MOUNTAIN KANSAS 
ASSOCIATION OF PETROLEUM GEOLOGICAL SOCIETY 
GEOLOGISTS WICHITA, KANSAS 
DENVER, COLORADO President - Whortan 
705 Fourth National “Bank 
President - - Ross L. Heaton Vice- President ° Charles Roop 
2374 Elm 605 Union ‘National Building 
Vice-President - C. Toepelman Secretary- - Ridgeway 
University of Colorado, “Boulder Empire Oil and Refining Co., 409 AL. Bias, 
Vice-President . Oborne 
Box 57, Colorado eam Regular Meetings: 7:30 P.M., Allis Hotel, first 
Secretary-Treasurer J. Harlan Johnson Tuesday of each month. Visitors cordially wel- 


Box 336, Colorado School of Mines, Golden, Colo. 


Luncheon meetings, first and third <a of 
each month, 6:15 P.M., Auditorium Hotel. 


comed. 

The poate sponsors the Kansas Well Log Bureau 
which is located at 412 Union National Bank 
Building. 


LOUISIANA 


OKLAHOMA 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President - - Paul E. Nash 
Magnolia Petroleum Company 
Vice-President B. W. Blanpied 
Gulf Refining Company 
Secretary-Treasurer - - _- Shapleigh G. Gray 
The Texas Company 


Meets the first Friday of every month, Civil Courts 
Room, Caddo Parish Court House. Luncheon every 
Monday noon, Caddo Hotel. 


THE SOCIETY OF 
PETROLEUM GEOPHYSICISTS 
TULSA, OKLAHOMA 


President - B. B. Weatherby 
Geophysical Research "Corporation 
Tulsa, Oklahoma 
Vice-President L. W. Blau 
Humble Oil and Refining “Company 
Houston, 
Editor - M. Kannenstine 
2011 Esperson Building 
Houston, Texas 
- + + Gerald H. Westby 
Seismograph Service Corporation 
ulsa, Oklahoma 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President - - R. W. Laughlin 
First National Building 
Vice-President Leland W. Jones 
Marathon Oil ae 


Secretary-Treasurer - Henry Schweer 
2810 First National Building 


Meetings: Second Monday, each month, 8:00 P.M., 
Commerce Exchange Building. Luncheons: Every 
Monday, 12:15 p.M., Commerce Exchange Building. 


SHAW NEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 
President W. D. Henderson 
Stanolind Oil and Gas Company 
Vice-President - W.H. Wynn 
Sinclair- Prairie. Oil and Gas 
Secretary-Treasurer  - W. O'Keeffe 
Phillips Petroleum 


Meets the fourth Monday of each month at 7:00 
P.M., at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President Glenn S. Dillé 
1632 South Cheyenne Avenue 
Vice-President - Joseph L. Borden 
The Pure ‘Oil — 


Tide Water Oil 


Meetings: Second and fourth Wednesdays, each 
month, from October to May, inclusive, at 8:00 
P.M., third floor, Tulsa Building. 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, 
President - R. B. Rutledge 
Skelly Oil Company 
Ist Vice-President - S. Lambert 
Shell Petroleum Corporation 
2nd Vice-President - Lucian H. Walker 
614 Atlas Life Building 
Secretary-Treasurer - arry D. Simmons 
klahoma Natural Gas Building 
Editor -  - - Thomas C. Hiestand 


Ww. C. McBride, Inc. 
Meetings: First and third Mondays, each month, 
from October to May, inclusive, at 8:00 P.M., 
fourth floor, Tulsa uilding. Luncheons: Every 
Thursday, fourth floor, Tulsa Building. 
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SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 
Box 1852, Tulsa, Oklahoma 


TEXAS 
DALLAS FORT WORTH 
PETROLEUM GEOLOGISTS GEOLOGICAL SOCIETY 
DALLAS, TEXAS FORT WORTH, TEXAS 
President - - - ~~ Norman L. Thomas 
President - - H. J. Hawley The Pure Oil Company 


The California Company 


Vice-President - - - - -J. 
Amerada Petroleum Corporation 


Vice-President - - - ~- ~- Charles B. Carpenter 
U. S. Bureau of Mines Secretary-Treasurer - - - Paul C. Dean 
1818 W. T. Waggoner Building 
Secretary-Treasurer - - - + - ~- R. A. Stehr 
Texas Seaboard Oil Company Meetings: Luncheon at noon, Worth Hotel, every 


Meetings will be announced. 


Monday. Special meetings called by executive com- 
mittee. Visiting geologists are welcome to all 


meetings. 
HOUSTON NORTH TEXAS 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
HOUSTON, TEXAS WICHITA FALLS, TEXAS 
President - Merle C. Israelsky President - - Tom L. Coleman 


United Gas Company 
Vice-President - 


Oil C np y of Texas 


Secretary-Treasurer - - QO, Brace 
813 Second National Bank Building 


Regular meetings, every Thursday at noon (12:15) 
at the Houston Club. Frequent special meetings 


Phil F. Martyn 


United ‘States Geological Survey 
Vice-President - - - - - - ~~ Robert Roth 

Humble Oil and Refining Company 
Secretary-Treasurer - - - - - S. G. Waggoner 
2013 Brown Street 


Meetings: Second Friday, each month, at 6:30 P.M. 
Luncheons: Fourth Friday, each month, at 12:15 


called by the executive committee. For any par- P.M. . ake 
ticulars pertaining to meetings call the cocustaay. Place: Hamilton Building 

EAST TEXAS GEOLOGICAL WEST TEXAS GEOLOGICAL 

SOCIETY SOCIETY 
TYLER, TEXAS SAN ANGELO, TEXAS 

Humble Oil and Refining Company ag Oil Pay 
J. W. Kisling, Jr. Vice-President - - - H. McGuigan 

Amerada Petroleum Corporation “Shell Petroleum Corporation, San Angelo . 

Secretary-Treasurer ............ George W.. Pirtle Secretary-Treasurer Georges Vorbe 


Hudnall and Pirtle, Consulting Geologists 
Meetings: Monthly and by call. 


Luncheons: Every Friday, Cameron's Cafeteria. 


Stanolind Oil and Gas Company, Midland 


Meetings: First Saturday, each month. at 7:30 P.M. 
Luncheons: Alternate Mondays at 12:15, St. An- 
gelus Hotel, San Angelo; alternate Thursdays at 
12:15, Scharbauer Hotel, Midland. 


WEST VIRGINIA 


F. Hosterman 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 


President - - + 
Commonwealth Gas Corporation 
401 Union Building 
Vice-President - - = 

Consulting Geologist and Engineer 
Secretary-Treasurer 
Columbian Carbon Company, Box 1240 


p.M., Ruffner Hotel. 


J. E. Billingsley 


Charles E. Krebs 
Robert C. Lafferty 


Meetings: Second Monday, each month, at 6:30 
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WELL LO GS Refer your Well Log Problems 


to Specialists 


Write for samples 


THE MID-WEST PRINTING CO., BOX 766, TULSA, OKLAHOMA 


GEOLOGY OF SALT DOME OIL FIELDS 


Cloth-bound copies of this symposium, published by the Association in 1926, will be purchased, 
subject to examination, at $15.00 per copy. 


The American Association of Petroleum Geologists, Box 1852, Tulsa, Oklahoma 


REVUE DE GEOLOGIE 


et des Sciences connexes 


RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini und verwandte Wissenschaften 
Abstract journal published monthly with the :odperation of the FONDATION UNIVERSITAIRE DE 
BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 
tion of several scientific institutions, geological surveys, and correspondents in all countries of the world. 


GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 


REVIEW OF GEOLOGY 
and Connected Sciences 


TREASURER, Revue de Géologie, 35, Rue des Armuriers, Liége, Belgium. 


Subscription, Vol. XV (1935), 35 belgas 


Sample Copy Sent on Request 


The Annotated 


Bibliography of Economic Geology 
Vol. VII, No. 1 
Is Now Ready 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I, II, 
III, IV. V, and VI can still be obtained 
at $5.00 each. 


The number of entries in Vol. I is 
1,756. Vol. II contains 2,480, Vol. III, 
2,260, Vol. IV, 2,224, Vol. V, 2,225, and 
Vol. VI, 2,085. 


Of these, 3,385 refer to petroleum, gas, 
~ and geophysics. They cover the 
world. 


If you wish future numbers sent you 
promptly, kindly give us a continuing 
order. 


Economic Geology Publishing Co. 
Urbana, Illinois, U. S. A. 


GEOLOGY 
OF 
CALIFORNIA 


By R. D. REED 


355 pp., 29 half-tones, 33 
line drawings, 26 tables. 
9 x 6 inches. Cloth 
$5.00, postpaid 


THE AMERICAN ASSOCI- 
ATION OF PETROLEUM 
GEOLOGISTS 


Box 1852, Tulsa, Oklahoma 
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TULSA, The World's Oil Capital 


Where one can find a greater concentration of major oil company head- 
quarters than in any other city in America. And the Petroleum Geologist 
knows that this means executive offices and operating headquarters—the 
source of geological assignments. 


* TULSA is National Headquarters for the leading associations of the oil 
industry, including the A.A.P.G., and is ideally situated as a convention 
city for these great oil organizations. Residents of Tulsa come in personal 
contact with leaders of all branches of the industry many times a year. 


* TULSA is the home of the great International Petroleum Exposition, 
which will be held on May 16-23, 1936, and which attracts many thousands 
of oil men, and is the world’s greatest annual concentration of leaders in 


the industry. 


® The Technical Department of the Tulsa Public library is the world’s most 
comprehensive petroleum library. For many years this department has 
purchased every new book on petroleum and gas, has complete files of 
64 technical journals and of the publications of the U.S.G.S., the U. S. 
Bureau of Mines, and all state geological reports. 


* TULSA is a metropolitan city, with superior public schools, fine churches, 
2,500 acres of parks and playgrounds, varied sports and amusements, and, 
all in all, is an ideal city in which to live and earn a livelihood. 


For further particulars write 


THE TULSA CHAMBER of COMMERCE 
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INDEPENDENT 
EXPLORATION COMPANY 


2011 ESPERSON BLDG.— HOUSTON, TEXAS 


\SM 
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In Addition to publishing 
246 Engineering 
and Technical 
Articles 


in 1935, THE OIL WEEKLY carried 
weekly field reports on all important 
fields, oil-field maps showing geological 


data, an interpretation of the week's news, domestic and foreign developments of 
importance, editorials, markets, and statistics. Also a series on various district 
Crude Oil Reserves was introduced which is to be continued in future issues and 
eventually will cover every important area in the United States. 


THE OIL WEEKLY is proud of its large circulation and growing popularity 
among petroleum geologists because it indicates that they are pleased with the up- 
to-date and accurate information as well as the technical articles covering geological 


work. 


If you are not a subscriber, we invite you to use the coupon below. One year— 


52 issues—only $2.00. 


Be sure to indicate your 
company and position— 
It will prevent delay in 
entering your subscrip- 


tion. 


THE OIL WEEKLY, 
Post Office Drawer 2811, Houston, Texas 


Enter my subscription to THE OIL WEEKLY for which 
you will find enclosed check for $2.00 for one year. 


City and State 


I am with the 


| | 
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Seismograph Service Corporation 


709 Kennedy Building Tulsa, Oklahoma 


SEISMIC SURVEYS 
NOW IN PROGRESS 


IN OKLAHOMA, KANSAS, COLORADO i 
NEBRASKA, TEXAS, ARKANSAS, LOUISIANA io 


AND SEVERAL FOREIGN COUNTRIES 
Information On Request 


SSC Designed Equipment 


Now Being Used On 27 Seismograph Parties 
(3 in Europe, | in New Zealand) 


ENGINEERING LABORATORIES, Inc., Tulsa, Oklahoma 4 


Engineering and Manufacturing Affiliate 
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Another A.A.P.G. Book of Oil-Field Structure 


Geology of 
Natural Gas 


A symposium of The American Association of Petroleum Geologists 
Edited by HENry A. LEY 


Here for the first time has been assembled a comprehensive geologic 
treatise of the occurrence of natural gas on the North American Continent. 


4 @ 1227 pages, including a carefully prepared index of 77 pages 


2 Articles on @ 250 excellent illustrations, including Maps, Sections, Charts, 
Ft Fields in Tables, Photographs 
Alberta 
Ontario @ Bound in Blue Cloth. 6 x 9 x 2 inches 
Quebec 
California 
Washington 
Idaho 
Oregon 
Utah 
Montana 
Wyoming 
Colorado 
New Mexico 
Texas 
Kansas 
Oklahoma 
Arkansas 
Louisiana 
Michigan 
Illinois 
Indiana 
Kentucky 
Ohio 
ississippi 
New York 
Pennsylvania Reduced illustration showing natural gas regions in United States 
West Virginia 
Mexico 


Veluati “There is scarcely any important fact relative to North American gas, be it stratigraphical, 
aluation structural, or statistical, that cannot be readily obtained from the volume.’’"—Romanes in 
Reserves Jour. Inst. Petrol. Tech. (London). 
Helium 

Rare Gases : 
The Industry Price, postpaid, only $4.50 to paid-up members and associates, $6.00 to others 


a The American Association of Petroleum Geologists 
Box 1852 Tulsa, Oklahoma 
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SCHLUMBERGER 


WELL SURVEYING CORPORATION 


HOUSTON, TEXAS 


Gulf Coast Mid-Continent 
1203 Esperson Bldg. 1106 Colcord Bldg. 
Houston, TEXAS OKLAHOMA CITY 
California 
517 Jergins Trust Bldg. 

LONG BEACH 
— 


Progressive oil geologists and engineers are becoming increasingly 
familiar with the Schlumberger electrical surveys and adopt them as a 
regular procedure supplementing the data obtained in the course of 
drilling. Thanks to such surveys: 


1. The RESISTIVITY and PERMEABILITY of the formation en- 
countered is measured. 


2. Numerous CORRELATIONS between neighboring wells are es- 
tablished. 


3. FAULTS are located and SUBSURFACE GEOLOGY is studied 
in the greatest detail. 


4. The PHYSICAL CHARACTERISTICS of the rocks and the na- 
ture of the fluids contained are determined. 


5. The POROUS MEDIA overlooked in the course of the drilling 
are accurately located. 


Schlumberger Well Surveying Corporation is a firm of consulting en- 
gineers COMPLETELY INDEPENDENT OF ANY OIL COMPANY 
OR OPERATOR. It is endeavoring to make its service available in ‘all 
important oil fields in the United States. The continued codperation and 
patronage of its clients is respectfully solicited. 
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NEW DEAL 


for PETROLEUM GEOLOGISTS 


The Paulin Precision Altimeter celebrates its return to the pages of 


your publication with an offer no active geologist can afford to over- 
: look. For years the Paulin leveling aneroid has been the standard of 

perfection in its field. Now with the new and improved Paulin ready 
for immediate delivery, we offer a generous trade-in allowance on 
old-style Paulin instruments, plus a year’s free adjustment and re- 
pair service (accidents excepted) on the new. Check over your Paulin 
altimeters and mail the attached coupon at once, noting serial num- 
bers of instruments to be traded in. Mail this coupon today as your 
first step toward bringing your field surveying equipment up to date. 
} MAIL THIS COUPON TODAY FOR PROMPT REPLY 


AMERICAN PAULIN SYSTEM Please send us trade-in allowance offer on our in- 
1847 South Flower Street struments, serial numbers listed below, to apply on 
Los Angeles, Calif. new instrument of similar model. 


| 


| 
| 
| 


Bulletin of The American Association of Petroleum Geologists, February, 1936 


xxiii 


Verlag von Gebrider Borntraeger in Berlin W 35 (Deutschland) 


Die wichtigsten Lagerstatten der ,,Nicht-Erze‘‘ von Prot. Dr. 0. 


Stutzer 


Band _ I: Erdél. Allgemeine Erdélgeologie und Uberblick iiber die Geologie der 
Erd6élfelder Europas von Prof. Dr. O. Stutzer. Mit 199 Textabbild. (XVI 
u. 628 S.) 1931 Gebunden RM 62.— 


Band II: Kohle, allgemeine Kohlengeologie. Mit 44 Tafeln und 177 Textabbild- 
ungen. Zweite, vollstandig erweiterte und umgearbeitete Auflage (XVIII 


--u. 510 S.) 1923 Gebunden RM 40.50* 
Band IV: Phosphat von Prof. Dr. O. Stutzer.—Nitrat von Prof. Dr. W. Wetzel. 
Mit 101 Abbildungen. (XV und 390 S.) 1932 Gebunden RM 34.— 


Band V: Schwefel und Graphit von Prof. Dr. O. Stutzer.—Jod und Bor von Prof. 
Dr. W. Wetzel.—Magnesit = = von Prof. Dr. A. Himmelbauer. Mit 
106 Abbildungen. (X u. 396 S.) 1 Gebunden RM 32.—* 


Band VI: Die Lagerstatten der atone und Schmucksteine von Prof. Dr. O. 
gl und Dr. W. Fr. Eppler. Mit 154 Textabbildungen. (XVIII u. 567 
S.) 193 Gebunden RM 45.50* 


* Die deutschen Preise ermaBigen sich fiir das Ausland mit Ausnahme der Schweiz um 25% 


Ausfiihrliche Prospekte iiber Einzelwerke kostenfrei 


Tech. Rath, c. Ing. Robert Schwarz 


PETROLEUM- VADEMECUM 


International Petroleum Tables 


Tafeln fiir die Erdélindustrie und den Mineralélhandel 
Tables pour l’Industries et le Commerce du Pétrole 


XI. EDITION 
PREIS 24 MARK = 50 6st. Schilling = 10 Dollar 
(in 2 Banden) 

Band I: 
Chemisch-Technisch-Physikalischer Teil, Nomenklaturen, 
Bohrtechnik, Weltproduktion, Die Erdélraffinerien 
Band II: 

Produktions-Statistik, AuBenhandel und Zolltarife der einzelnen Lander 


1936 


Verlag fiir Fachliteratur 
BERLIN SW 68 WIEN XIX/, 


Wilhelmstr. 147 Vegagasse 4 
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WIRE LINE CORING roemarion 


1TH 


’ DRILLING BIT WITH 
WIRE LINE CORE BARREL 


% 


HARD FORMATION HEAD 


REED ROLLER BIT COMPA 


P.O. BOX 2119. HOUSTON. TEXAS. U.S.A 
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Reflection 
Seismic 
Surveys 


Successfully Conducted in 


MIDCONTINENT—Texas, Oklahoma, Kansas 
GULF COAST—Texas, Louisiana, Alabama 

PACIFIC COAST—California 

ROCKY MOUNTAIN—Colorado, Wyoming, Montana 
APPALACHIAN—Pennsylvania, New York 

GREAT LAKES—Michigan 

CANADA—Alberta, Saskatchewan, Quebec 
MEXICO—Tampico Area, Isthmus of Tehuantepec 
VENEZUELA 


GEOPHYSICAL SERVICE 


INCORPORATED 


DALLAS, TEXAS 


¢, aa ane? 

| 

| 


Bulletin of The American Association of Petroleum Geologists, February, 1936 


HUGHES TOOL COMPANY 


SERVICE PLANTS: MAIN PLANT AND OFFICE EXPORT OFFICE. 
HOUSTON. ROCKEFELLER PLAZA 
MIDLAND. TEXAS TEXAS NEW YORK CITY 
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